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The deſcription of the lines. 11 
3 To divide che Lines of Sines and Tangents o» the fide of rhe 
Secor- | 


Pon the center «F, and ſemidjameter cqual to the wp 
of Lines, deſcribe a ſemicircle A B C D, with A B, 
dicular ro the diamerer C D. Then divide the quadrant 
CB, BD, cach of them intogo, and ſubdivide cach in* 
to 2 patts; For ſo, if ſtteight lines be drawn parallel to the dia- 
meter C D, through rhele go, and their ſubdiviſions,they ſhall 
divide the perfendicular A B unequally into go. t 


= F 
0 
"uh | & 


2 
Jo 


a _ mt. 


ol 


C 1: TAG + 5ct Pe 


And this 4 Þ ſo divided ſhall be the line of Sizes, and muſt 
be transfered into the Seffor, The number ſer to are to 
be », "NNE utito 90, as in the example. 

the point D, unto the diameterC D, we ſhall raiſe 

lar DE, and to it draw ftreight lines from the 

each degtee of the quadrant D Zzthefe 

freiahe tives (© be ſecants, and this perpendicular ſodivr 

chem ſhall be the line of Toxgenrs, and muſt be tranſ- 

ferred unto the fide of the Seer. The number ez 5. are 
tobe 10,20, pope. as inthe example. 

A and D, another firei ghr line G F, Scan 

to D E, je will be divided b thoſe lines from the 

center 


1Z The deſcription of the Une. 
Center in like ſort as D E is divided, and it may ſerve for a leſ- 
ſer lineof Texgents, t » be (cron the edge of the Seftor, 

If the compaſſes ſhall be extended, fromC, to cach degree 
of che 2uadran,.C B, and thoſe extents transferred into oqe 
line ( C t) this line C' A lodividcd 1aro 60 (or rather info 
90 gy. ) ſhall ze a line of Chords, arid may beſet on. ſome void 
place of the $etor.. ; 

Theſe lines. of Siner and” Targerre, may yet otherwiſe be 
transferred intothe $e&o- out of theline of Lmes, (or rather 
ootnt a diagonal Scale equal co the line of Luws, ) by cables 
of Sinces and rangents- 

For the Sive ot 90,gy. beingequal to the whole Line of /inc1 
of 100000, parts, the Sizeot ;0-gr. will be 'equal ro 50000 
(half the Leze- of Hnes 3) and the Sine of 45.gr- onal to 70710 
parts of the tine of nes, according to the uſual table of Siner. 

la like maancr the Tangenrot 45 gr- beifig equalto the 
whole Line of lines, the tangent of 40 gr. will becqualtio 83910 
parts of the Line of lines : and the Gon np 5oFpr. equal to 
11917 *,. that is, to:-one Radar (or Whole Live )Jand 19175 


parts more of the ſame line of Lines, according to the old 


table of Taugrnes, 

And (upon the ſame ground) the Secae of 40 gr.Will be e- 
qual to-1,305q40 that is, one Radins, and'; 0540, parts of the 
line ot Lines : and the Secax: of 50 gr. equalto 1.55572) and fo 
the reſt, according to'the like of Secants. Mm 

The. Lize of Chords may alſo be divided. by help of the 
table of Sizes, anJ tine of lines. For the double Freot. alf che 
ark; taken our of the /ine of Lives, will give the Chord, 

As it the Ark. propoſed were 60 gr. The halt of this Aris 
30 gr-and the fnethereof 50000, which being! make 
enen 2 or ne eg, pan 95 erate ge. F 

cron oeamanged 0A F'- hay Arkis 45 degrees, and the 
ſone ro-which bei doubled, make 1414240, (that 
is) one Radins and 41420, of the /ine of lines, equal tas 

therbord of go gr, required... Pn ob 


= 


_— 4% 
4 o 21 F. od Mg 
6 Ys EST, * 


The deſcription of” liner. Ty 
6 To ſhew t he ground of rhe $:Hor- - 
LE AB; AC, repreſent! the 1:gsof the SeGor 3 then lecing 
theſe two A B, AC,are equal, atid their (etions A D, A 
E, alſo equal, they ſhall be cat proportionally':. ahd jt we 
drawthe lincs B C, DE, they will be parallel by the (ſecond 
Pro. 6. lib. of Exctdandio the Triangles A B C, AD E, ſhall 
be equiangledsby reaſon 'off the. common, angle at A,' and 
the equal angit$at the baſe, and therefore ſhall haverhe fides/ 
p—_—_ ofc equal angles, bythe 4 Pro. 6.lib.- ot- 
Euc 


The fide A D, ſhall be to the fide A B, as the bafis,D E, unto' 
the parallel baſis BC, and by converſion AB ſhall be unto: 
AD, as BC, unto DE: and by permutation A D, ſhall be - 
unto DE, as A B,toBC, &c. So that if AD, be the fourth 

urt of the fide A B, then D E ſhall alſo be the fourth part of * 
is: parallel baſis BC. The like reafon holdeth in all other 
ſeAons. . 
7 To ſhiw the gener al uſe of the Sefter; 
'] Here may ſome concluſions be wrought by the Seftor even 
then when it is ſhut, by reaſon thatThe lines are all of one 
; bur generally the uſe hereof- conſiſts in the ſolurion 
of the Golden rule , where three lines being given of a known 
denomination , a fourth proportional is to -be found. And: 


. this ſolution is divegſc in regard both of the liner, and of the en- 


tranct intothe work. | 
he ſolutionin regard of the nes is fometimes Saqb, as 
when 
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one kind 


I pron in regard 
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lels, and the third line, and that which i z Are on 
the fide of the Seffer. I call it lateral ener ing onthe 


fide of the Seftor , when the two lines of the firſt denominati- 
on are Ori'the fide of the Seer, and the third line, and that 
which NI UI RD IE 
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The general aſeef the Seifor. 15 
As for ; ler there be giventhree lines A,B, C,ro 
which Jamo nd a fourth tonal , let A, meaſured in 
the line of Lines,be 40.B50. and C 60. and ſuppoſe the queſti- 
on be this: If 40 Adonths give 50 poundr,whar ſhall 60? Here are 
lines of two denominations, one of wanchs, another of pewnds, 
and the firſt, with which I am to enter, muſt be that of 40- 
mont be, I then 1 would entity with 4 parallel, firſt I cake A, the 
line of 40, and put it over as a parallel in 0, reckoned inthe 
line of liner, on cither fide of the Sefor from rhe center, ſo as it 
_ ar be the Baſe of Iſoſchele: triangle BAC, whoſe ſides A 
C,arecqualtoB, theline of the {ccond denomination. 
the Seffor Ri z Itake C theline of 60 
es, and them perallel 
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EE CE Rn 
theline A D, or A E,isthe (5 en and thecor-- 
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Ano I woulderceron 
diſpoſe-the lines of the C 
line of Lines, on both ſides of the Seforgin/A B, 
10A D.A Eo as theyſhouldall meet in the ceater A,a 
taking B the line of the ſecond denom 

parallel in B Cj that it may be the Baſisof the Ifofcheles tri- 


T he gitneral uſe of the Seffor. © 3 
the fide-ok \the: Seftor, then would 1. | 
firſt denomination. A.and C, in che 


AC, and 
nd then 


ination, P!Ut it, over as 2 


-angleB AC, (whoſe des A B, A Care equal to A. the firſt 
gle | ) tcr ſo the Serfor veing thus 
re Q- 


-line of the firſt 


-opencd, the other Gave. 
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D to E, ſhall be the 


tou 


wportional which was :equired: and it ic be meaſured with che 


other-lines« it ſhatlbe 75; asbefore. 


_-» la bathe this of operations , $he two firſt lines do 
{ſerver the Sr#or to: his thedifference berweeh 
them iseſpeglAly chisthat:in p e, the ewo lines of 
che firſt denominativny,are placed iftabe parallels B C DE, and 
48 14'rral antaence hey art -bath ſides of the SeGdr, 
in AB, AD, ardin! AÞ. ri5'6 # 3 {2C,U! 3391 (1 
Now in fmple ſolution which is begun and ended , upon the 


ſame kind of lines, it is all one which of the two latter lines 
be put inthe fecond orthird places. As in our example we 
may ſay, as 4earcto 50 ſ06»unto 75, orelſe as Jo are to 60, 


ſo counto 75, And hence ic co 


that we may enter both 


with a parallel, and on the ſides two manner of waics at cither 


entrance, and-ſo the moſt part of queſtions may be wrought 4 ® 


ſeveral waics, though in the propoſitions tollowing, 1 men» 


the tourth Propor 


tion onely hat which is moſt convenient. 1t any have not 
the Setter, he may make uſc of the ſormer figure, as in our 
example, where we have 3 numbers giveh (40. 50. 60.) to hnd 


tional. 


\ Firſt, draw a right line(A D) to repreſent one of the li 


neot Traes pkicke 
xer (A,) and Semidi 


"circle tr6miBrowards ©... In like mannet”, take 
other namber,” ofthe firſt denominion,) 'and 


down trom &f to D. 


_Simidiamerer (A_D _deferive a ſecond arke of N= | 
fromD toward E. / done, takethe third 50) 
18 


and on the cemer (a1 ,,) 


take que the firſt number ( 48) out ot the * 
TtrdownfromArtoB; : 
(AB) deſcribe an cc E 
60 23 


the cen- 


e 1 


8 
p if 
4 
d 
1) 
) 
d 


The#/bef the Scale of Lines. 19 


and inſcribe'it into the firſt ark from/# to (*; an Jaying the + 


ruler cothe? center (4) andthe of Eraw the righe live 


,) cut in length, cill itcve rhe ſecond arch inthe E. 
by tbe diſtance from DtoE (takenand meafured inthe fame « 
ſcalewith the third number ) will give the 75 forthe fourth 


Thus = for the ral -Ofſe of rhe SeFor, which 
conſidered and well o0d> there is.nothing hard in that 
which tojlowerh. | | 


 ——_—. —_ —_— — 


MY i Op 
CHAP. 11. 
- TheUſeof the Scale of Lints.. 


1 To ſet down 4 Line, reſembling avy given parts or frattion of 
ports. . 


4 es 8 | \ 
TT= ines of lines'ate divided afually into 1co parts, bur 

we have put only ro numbers in them. Theſe we would 
have to fignific cicher cthemſelvesalone, or ten crimes them- 
ſelves, or an hundred t! mſelyes, or a thouſand times 
thetnſclves, 'asthe maner ſhall require. As if the numbers 
given be no more then 10, then we may think the lines onel7 


" divided into 10 rts according to the number ſet tothem. If 


they be more”t 6, "and not more then 100, then cicher 
line ſhall coritain 160 parts, and the nymbers ſet by them ſhall 
be in value#ro, 20, 3c, &c. as they are. divided aually. If 
yore ng roo, the! part.muſt be thoughe 
to be divided" into 10, and either. E 10CO parts, ae 
(forward Aill inraidng them ſehnorty 1 FR get 

O inr themſelves by 10.This bei 

poled, we'may bby the parts Nw; fraQtion of + nk 
inthe line of /nes,; apd rakjog our the diſtance wj apaire of 
co j-' fab for the line fo taken ſhall reſemble the 


 Inthis manver may we ſer dow a line reſerdbling 75, if 
cither we take 75 our ct the Tangred patts, ona q Oe 
{ of 


it rea times Dee; then 


= cg EE aryatlan overnine 
ri_gnes mr? - wi eocda =. as;in-thiscxa aw 
ple, and our of 'this we TID 
as hefore. 


To rhisent Ihaved tine of inches o-rhe 


edge of the Seftor, {o's contajneth 8 parts, 
another 9, another, Jo, 8c, pee” as they =_. 


red, andast fr hey car .# | 
& OCR Re Fs the be a | 
"Y encreaſs 4 line is i Prepartion, | 
CNRS diminiſh 4 line lppecas Propertion, 
ki ivea with a pair of 
CIC agth P Fompeſles, and 


wer of + 


t of the number g iyen,,, 
4 


K "aſrony yan. oF 


ON pane 0h nt. 
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#4 £ - "5 " C4 ji by . 
*Y 7%. o& #5 s ow J , / , .-- 
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Eos les. 
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wv "__ 
Col; 138% 14 2:5 2 
th A 
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F 


—_F-m_t 4 3+4+ . 


ranger th, 
| 6f work doth ph "we 
ore the to oy ors 


Tort ci mbar oo 


log "I ir Keg Wands 30, O 
14 Tb midotnidge pare Pd 


the line given,” and: the Szfor br Meording the 
Trs aid Hoe i keeping the Dh whe eine 
rhe 


> i! 1 
TE Iona 


take this pron Hed end ED 


uneA QC DT ME 


"DINAS RO 
df LS A LA dd 


Or - oe th Sade tes waged divided he three 


ptxt.ic upon r : Seftor inthe 
points of 23, then may I y the former GEES 


it inAC, CD, in the oportion of 23, to $0.40), apd 
pp kinels'Grimto 3, Geo. * A betoke: ety d 


"y 5 1 Jit {iro Pew ime! mint gh ing FOLEY 


<C2q 


points of 50; Tye bn ada fings Rs 
Pon 


"LS 


then can be put over in the 
Torn nr eter ne At ro by 199! and; 


hs way the yew 


verald divittons, ppt 
nr bet oral rear Deer lion Ai be fon 


numbers , as.3 
wichour * opening the Ode, Fo 


36, which is as betore ia lefler 


Iviiets: ( of Ae wilſhe 


wrqagin by "ay : 


jms lines 


re ops we al el lines ©o which 


T5 —_ 


w 


| 8 Twe lines being nn fond athirifin- 
Pres 


artheyall C——_— 


rer A, wan het | 
theſecond C and C- Thea do I takeout AGrhe ſecond line © 
in,and to ic open the. Seffor ia the. 


rerms B.B,.. 
woea C and Cdxh give ae chie chicd line in 


pi - 


red ale ip. "a 
progagtion. For-as ABis unto AC, fo BB,equatto AC,is 
umo C C. 


$= —L 
_ LE 


6 ; > 4 F 
% , YL » % & 
» ; . A —_ y/ v E) 4 a ny F Ky n C * | bs T ” +; * 
x Mage ts erpearh a nag dhe 
« 0 


| eg a © xtra 
22 of the Seer from the center , then 
Fog , andto it hs SO for the terms 


fo keeping the Seer at this angle , "the 


ſtance between the terms of the third line; ſhaſſbe the forerly = 
proportional. Let the three lines given be A, B, C. E 
”" | I 


og it 
"x = 3 


*\ {11 
« LC 


D 


Firſt Itake out A and C, and place them on both ſides of - 
the Sefter,in AB, AC, and AD, AE, laying the beginning | 
.of both lines at the center A, thendg I rake our Brhe ſecond J 
line, accordingto it I open the Sefor in B and C, the cerms of 
the firſt line : ſo the parallel berween D and E, doch give me 
che fourth p jonal which was po 
As in Arithmetick, it (ufficeth if the firft and third number 
given beot one. denomination , the ſecond and the fourth - 


4, then 
rhe 


-— 


Thr of tht Lt" of Liner. fy 
7 21.2 $ Ts divide Hine in Juth ſort as avathir tine 
& before divided. - | 
rſt,take our the line given, which is already divided z 2nd 
laying it on both ſides of the Seftor from the center ; mark 
how tar it Exrnteed. Then take our the ſecond line which 
Rte to he, 7 ned, and and to it & Open the Setter inthe terms of 
is done OT the po of the firſt Opry 
ein aſoon ef ame ſide of the Seltor from rhe cemer, 
mer parallelsrtaken in thererms of theſe parts, fhall be the 
Forrtipoad ent parts inthe line which is ro be divided. 
B, 'bea line divided in DandE, andB C, the tine 
which oh am ro divide in {uch ſort, as A Bis divided. 

Firſt, Ftake che line A B and place it on the line of Lines in 
254. C, boch fromthe center A , chen take 1 our thefecond 
to fr $ertins the Seffor in Band C, oy duke of the firtt 
Gore to his Rae. ke om A Þ 

jo line A B D op bn 
D, A E, ſo nd paraletD 


meRBF oft wear ng and the tine B 
== 26dG, nfo ; 
np is tha bk  parrequioed, 


SA - g 2; % 


Labs, ww 4 Z mm 


"Atty (5; wer longer then one of the ſides of 
"ICY ould T-fnd whar proportion ichathrohigure 
AB 


C 

« », Wo 
uy 
MH 


4%  —Thebo of thi owef Lhnw, ; 
A D, «A E,:and that known, I may work as before in the * 
former propoſition. 


9 Two numbers being given, to finds third in cominual propers q 
tion, 1 
T” Iſt reckon the two numbers given on both ſides of the '# 


which either of them cxcendeth, then rake our a line reſem+ 2 
bling the ſecond number again, and to it open the Sefor in > 
the terms of the firſt number. for ſo keeping the Seftor ar this 
angle, the parallel diſtance between the terms of the ſecond 7 
lateral nuwber, bcing. meaſured in the ſame Scale, from * 
whence his parallel was taken, ſhall give the third number 


roportional. 
Ie & ewo ney gyonbe 18,24, © Theſe + A 
| n lines, the work will bejn a manner 1rhat 2 
iatheſivr Prop. and ſothe third OT nl be $ 


1nd 20 be 32, YN 
1 0, Three numbers being given, to find a fourth in diſcomtinual pre> © 
portion, . +: 


TH ſolution of chie profuting, is in a manner alt on with ©! 
that before in the ſeventh Prop. onely there may be ſome © 
difficulty in placing of 'the-numbers. To avoid this, we * 
mult rem-mber that three numbers being given, the queſtion: 
is annexed but to one, and this muſt alwayes be placed in the 
third place;that which SING thisthird number indeno- 
mination,ſhali be the firſt. number, and that which remaineth © 
the ſecon{ uumber. This being conſidered, reckon the firſt, © 
and third numbers, which are of the firſt denomination on ® 
both ſides of the lines of Lines from the center, and mark the ® 
cerms to which cither of them cxrenderh, then take our a line * 
reſembling che ſecond number, and to it open the Seftor in © 
the rerms of the firſt number, tor ſo keeping the $efor at this © 
angle, the parallel diſtance berween the terms of the third la* © 
Fecal number, being mcaſurcd in the ſame Scale from whence | 
his paraties was taken, ſhall give the fourth number propor» © 


2 "-Agif a queſtion were propoſtd' in this manner, ro yas z 


lines of Lines from the center, and mark the rerms © 7 


 Then/e of the linerof. Liner... 25a 
coſt $4,: how many yards may. we buy tor 12 kid 

ſion is annexed to 12 ; and therefore it ſhall be the thin at © 
ber, and becauſe 8 is of the ſame denomination i it ſhall be the 
frſt-num ber, then 10 remaining, i muſt 'be theſecond num- 
ber, (owillchey ſtand inthis order,8, 10,12... !Theſe being re-/ 
ſewbled in| lines, the work will be in a manner the ſame, with 
that in the ſeventh Pre». and the fourth proportional number 
will be found to be 15, For as 8 are to 10, ſo 12 unto 15, 

And this holdeth in dirt propartion, where as the firſt 
number is rothe ſecond,ſo the third tothe fourth.So that if the 
third aumber. be. greater. then ..the- firſt; the tourth will be 
greater then the ſecond, or it the third number be lefle then 
the firſt, the tourth will, be le els. then theſeconds.butin reci- 

propor qe: vs called the Back rule, ws by 
howe firſt o 


Irepfen he thi 
OE re CORE ties . 


_ 15 leſle then the TE much the mw cond will 
greater't Qt Globo 


$4 op: Qt Globo —_ ern ob v third, 


R_ ſt the oumiber required 


isto ik) nk avs: bet rebing 
may bc obſerved as before, as for hae 


If twelve men would raiſe « frame 'h ten dayes, in has many 
dejtimeld cight men raiſe:the ſuis frame?! Hett) betaxſs the 
ferotmencis ragwire tre, though the abe t 35:20; 

6; peyote feaveh flxoparcics 4) mich-y found to.ba-L5.6) riggn 71. 7 


| Ang 
REIT 


Soif 18 maky $08 48 rl i Caliban Poles 
oe Par dnpes Ye ot (heibr caghb birug 16 _— "7 were iis 
0 row ithe 1h Nevedb he leſſe 
_ rope nm 5" 4 PI 
baſe of 144 


rarer gty eb, righin '£) ithbs 


oy 276 meter, 1b werg hy fo 


4&4 <£! 
1 n pH 


be uſd of the ties of Superficies. / 
=> OR Thanh pipes x 
| TO 


47 
barth.yroprctiona) [numher\ ; 
of. Superflcier and by the line. 


CHAP, I1L 
Thell{e of the lines of Smper ficier. 


[ To find @ propereton beeweon we or word Us Superficies.” | " A 


Akeane of the (dev of the greater Sajper cles given, and 
Toano: open the Seltorin Sar) rn bg | 
fines of $ wper fietes, theneake the like ſides of the lefſer® 


3-1 


by 
0 
| = 


Thenfaof the ine of Soperkicies.. | d7 


Noo rn nr 


'T Ake the fide of the Swpwrficier» an roir openthe 


Sefbor ia 


| of the then the Seftor 
at that angle | diſtance cm of the 


iſhed in the _ of 5 unto 2 , 1 would take out 
it ovcr in the lines of r, in'5 and; fothe 
berween 2 and'z would give the A z on which Semai- 
3& ſhould make a circley.ie would be ls then 
mage upon the i B in (uch proportian 
gh po IT aion mapbe rarobfaryed 
: 1 ca 
tothar, we gave inthe third Properties of Liner, | +11 ( 
4 Toaidenc like $ to another. a + 
4 Te fobfrel anr ie Super fn frm anhe, 
Flrit. the 


dimin 
and 


4274Q9%2 bi: 
9V 1201 0 t »* 15 


- %\ = 
» © © «lk £ 44 f 4 > 
GU 201 W 100717 wOo1 Cf 


IS | 
Agit A an Mere re> 
qiredto mke ati ware any bo rr nay org \Firt the 
proparrion v3 baw:en c ſpace a) A and B, would be found ta . 
[eds Fod 1 nw gey artin the -leffor' nambers 25-40 27; then 
beeauſcs and 1'a#kied Jo maker.” I's ment the fidetA'thihe ©! 
a ada Y AI TIRA 2, ro er CC; on Which itt 7 
aſquare.iywill deequal roborathe ſquares of Nand'B; | 
which was req nrcc ww 


ln like manner A and B being the fides of ewo ſquares, if it _ 

were required ſubtree qua pt Fowr of ſquare of * 
'A,anJto Makea ainder, here the pro. © 
portion bejng as 5to 2, becauſe 2 taken out of 5 , the remain- 
deris 3,1 woild diminiſhehe fide A inthe propottion of 5 to 
2 and4 (6 Fſhould produce the fide-D , on which if I make 2 
ſquare, ir wilt bee othe temainder when che ſquare of B 
israken of the fq A, thatis, the trw:3{qHarts made 
es ; ſhall be-equalto the i foe clade who 
the 


x10 6 aan - 
YE 119 * " TH); 4 372 ( 13.1% 


eft'Gnd/i whats 
izhey ar6 liges, by | 
the SeFor inthe lines of ks pr rt Pre br , accorgint 
crorhequant one y 
IEIIIES other le W_wa 
INIpS2p-ac | ANT Vat Bos 
T8 44£ 4 UNI IR k: WW 2134f i | "oY Cc: 


Lerthe lint#giventbe? rae 
them as they are lines Sl bet Twad edge propefition of 


pr ng im WS. ve Cont Gag 'S 
overto the lines-of- $ o_ ye keeping. . 
the SIG HON oe s do thgive ©. 
meB for the + Then for proof of the ope- Þ 


WE The uſe of the linesof Suyerficics, 29- 
ST, TTENS 4 F : 

racidh Fmay take thisline By ang pur'over berween 9.and 9 : 
Art Jab, (4 berween 4 and 4. ſhallgive me the firft line A- 
Whereby itis plain that theſe three lines do ho!d in continu- 
al proportion ; and therefore B isa mean proportional be- 
rween A and Crhe extremes given. 

Upon the finding out of this mean proportion 'depend many 
Corollaries, as | | 

To make a ſquare equal to a Super ficies gruen. 


FF the Smper ficies given be a retangle parallelogram, a mean 
propottional between rhe-rwo unequal fides ſhall be the 
lide of his equal {quare. | 

- It it hall be a triangle, a mean jon between the per- 
pendicular 'and halt rhe baſe ſhall be* rhe ſide of h»8 equal 
ſquare !f it ſhall be any other right-lined figure, it may be- 
reſolued into triangles , and {oa 1ide of a (quare tound equal 
roeyery triangle , and theſe ou 
ſquare, it ſhall be equalro the who 


To find « propertion between Super cies, though they 
be unlthg one to the — —_—_— 


reduced into one equal 
right-lined figure given. 


Froevery Seprrficies we find the fide of his cqual ſquare, 
] the proportion between theſe bean 007 wi pom 


on between the Saperficies given, 


_ They drier Sapeies, —= 
a Carche fgagfs the operſoine given be the Git 9 ha may 


os gon pom IG disis the fide of a ſquare © 

Ty Then baron the he fide of (quare of 

ears pot woe andnote it in B: TR AR, ; 

Co cio co Sebinchepropertio DETEE ? 

a Wl ropofitien 0 carto = 

beas5to4: ;and cherefcre this isthe proportion berwern thoſe ; 
given Super ficies, 


To way 4 Super ficies liks to one Swper ficies 

and 10 ant : 

Er the one Swperſicres {FED acd che orbe Þ 
L the Rbomboide; B ; = let it be required, ta make make another © 
Rhombvides like to B,and qa, to the rriangle A, -Y 


—_ _ —— — —— _ 


__—_——. —__. _— - 


ro C and Dy the MTs S 
Et = » 
piembi yan eve he ng, | | 


If the » SpeeSaln bd Tom | 
— they might have been reſolved. Ky, tri _—_— 
t into ſquares as before. Many | 


The fe of the lines of Superticies- Fr 
'- Many ſuch Corollaries might have been annexed, burthe 
means of 2 mean proportional being known, they all 
follow of chemſelves. 


7 To find 4 mean properticn if between two numbers given. 


[rit reckon the two numbers given on both fides of the 
Lines of i exe from the center. and mark the terms 


F 


whereunto they exrend; then take a line out of the Line of 
Liver,or any other (calc of equal parts reſembling one of thoſe 
numbers given, and put it over in the terms of his like num- 
ber inthe lines of Sper ficres ; for (o keeping the Seftor at this 
angle, the parallel raken from the terms of the other number 
fured inthe ſame (cale from which the other paral- 
lel was ſhall hcre Chew the mean proportional which 
Was required. 

the numbers given be 4 and 9, It 1 ſha)l rake the line «L, 
in the diagram of the fixr Prop.reſembling 4 in a {cale of equal 
parth.s to it open the Sefter in the terms of 4 and 4, inthe 

incs of Seperficiezhis parallel between 9 and 9 doth give me B 
tor the mean proportional. And this meaſured inthe ſcale of 
equal parts doth extend to 6, whichis the mean proportional 
number between 4 and 9s. For as 410 6, (o6tog. 

- Io like vcr if 1 take ny os 1 Dp ps. 9 % a Re 
equal parts, and to itopen t in the terms of 9 ang 9, 
ia the lines of S»perficies, his parallel between 4 and 4 doth 
give methe ſame line B, which will prove to be 6, as before, if 
1c be meaſured in the ſame ſcale whence C was taken» 
res 132,344, 8+ here ſet down upon the ]-ne, do 
elves alone 1 ſometime, ro, 20, 30, 40, 


c pricks under the number given (as ia arich- 
) andthe laſt prick to the left hand ſhall fall 
| > Je. MY be. 69: GE. 9s. thee odd fi- 

apy Frvpeny be beſt placed ar 1, in the middle ot the 
'* ;forhe root, and the ſquare will both fall forward to- 


'T 


. 
o 
# % 


: 


33 'The/e of the lines of Superficics. 4 
ward the end of the line,” / Bur, if the1aſt prick ſhall fall uoder _ 
the laſt figure bur one (which will be as oft as there be even Þ 
Figures) then, the unite 'may be placed at in the be ning» 
ot the line, and the ſquare inthe (econd length : or the unite * 
may be placed at 1o, f'1ch* end of the line, (o the root and the 
{ehonty wit borh' tall backward; toward the middle of be 
line. | ; 


8 Toflade the ſquare ro0t of a number, 
9. Tbe root being given, to find the ſquare nmb.r of that regt. 


[amorcudored a-(quare root ic is uſual ro ſet pricks un<' ; 


der the firſtfigwre, the third, the fifth; the ſeventh, and ſo - 
forwar.l, begintingirom rhe right hand-roward the left; and 
25 many /pricksas ta!l eo be anteecde ſquare number given, 
{0 many fhgures ſhall be in the root : ſo that if thenumber g1- 
vhwbe-lefe chvec 105, the-root ſhall be'onely of one figure; © 
it lefle ther-r00350, ir, ſhall 'be bur two figures}; it lefle then” > 
1:00000, it ſhall be three figurcs, &c, | '* 2220-8 
Thereupon the lin:s of Swperfictes-are divided firſtiaro an! 
hundred parts, and it che number ge be greater-then 100, 
che firſt diviſion ( which betoredid fignifie onely one ) muſt 
lignific 100,and the 'whole'hne (ha]l bc 1 00co parts+if yer the * 
11mvcr given” be grearer' they 10000, the firſt (diviſion 7 
mt now ſignific 1 0000 ; and the whole line be eſteernef'aty © 
1000000 patts : and if this betoo little ro expreſle the number 7 
given, as oft as we have recourſe to the beginning, the whole® > 
line ſhall increaſe it ſelf ari hundred times. - 
_ * By theſe means if the laſt prick to'the left hand ſhall fat] * 
under the laſt Ggute, whictiwill be as oft as there be odde 66- © 
gures, the number given ſhall fall our berweenthe center of © 
the Seftor and the tenth diviſion : but if the laſt prick ſhall « 
under that laſt figurebut one, which will be as oft as there be” | 
even figures, then the number given ſhallfall our between” * 
the centhydiviſion and'the end of the Seffor. 1 ON #7 
This being cooſideted, when a nn1mber is given, and'the” © 
; {quareroor is requicd, take a pair of compalies and ſerring | 
oactooc in thejcenter, exrend the other to the rerm' of the, © 
- number given-in oneof the lines of Swperficies; for or ths E 


The nſ+of the line of Superficies. 3} 

ſtance applicd-to one of the lines of /ives 4 ſhall faew what the 
ſquare root is, without.opening the Sefox, 

 , Thus 36doth givearootot6and 360, aroot of (almoſt) 
19 * 4rd 3600, aroot of 60 and 35000, a rootof 189, &c. 

Jn like manner, the neareſt root of 725 ishere found to be 
(about) 27, the neareſt root of 7350, abour 85 : the neareſt of 
72509, about 2691: andthe neateſt root of 725000,about 851 : 
And (0 inthe reſt .. ; 

On the contrary, a number giyen may be {quarcd , if firſt 
we extend the compaſles to the number given in'the lines of 
lines; and then, apply, the diſtance tothe {ines of Swper ficies, as 


may appcat by the the tormer examples. 
© 10, Three number: being given, to find the fourth 
| Sn a duplicated proportion. 


Tis plain by the-19: atid 20 Propeſirion, 6 Lib, of Ewcld. that 
Pie Super fities doth hold in/a duplicated proportion of their 
hotmologal 'fides, hare? 3, rg queſtion being moved concer- 
ning SwperScies and their fides.. It is uſual in Arithmerick cbat 
the proportion be firſt duplicated before the queſtion be reſol- 
ved; which is not neceſſary in the uſe ot the Se&or , oncly the 
rmbers which do fignific S#perficies- muſt be reckoned inthe 
lines of S»ptrficres, and they which. ſignific the ſides of Swperfo- 
cres, inthe lines of Lives alter this manner. 

If a queſtion ;be made concerning a Swperficies, the two 
numbers -of the firſt denomination-muſt be reckoned in the 
lines of Liser : and the Setter opened inthe rermsof the firſt 
humberito'the quantity of a line out of the (calc of S»per fieies - 
reſembling the ſecond number ;ſo his parallels taken between 
the terms of the third number, being mcaſured inthe ſame 
(cale ot Super ficies , ſhall give the Superhcial number which 
was cequired- 

As it a (quare, whoſe fide is fourty prnettes in levgth., ſhall 
contain ten acres in the Swperficienand it be required to know 
how many acres the {quarc ſhuuld contian, whoſe {:de is ſixty 
perches. £5 

Hete it I took ro out of the line of 5 #perficies and put it over 
in 40, in the lincs of Lins, s paralic} between 60 and 60, 

Mmca- 


= The uſe of thelineof Superficies. | 
meaſured in the line of Sperficirs,woud be 2:4 and fuch is'the | 
number of acres required Fot ſquarevdo hojq/in a duplicated 
proportion of their ſides ; wheretore when the proportion of 
their ſides is'as 405, and 4 multiplied into'4 become 16, ands ® 
mulriphied into 6 become 26 , the proportion of their (quares ® 
ſhallbeas 16 to 36,and ſuch is the proparrion: of 10to 2 244/;) © 
- It a field meaſured with a ſtaruce perch of 174 toot, ſhall con» 2 
rain 288 acres and it be required to know how many acres * 
- mon contain if it were meaſured with a woodland perch © 
18 foot. - | 2 
Here becauſe the proportional is reciprocal, if I took 288 © 
out of the line of S«perficies and put irover in18 inthe lines 
of Lizes, his parallel berween 64 and 16- meaſured in the line © 
of Szper ficies, would be 242 ; and ſuch is the number of acres © 


required. ; 
for ſeeing the proportion of the ſides isas 163 to 18, or in © 
lefler mambers as 1 1 ro x2 , and thatrr multiplied into 31 be- ': 
come 121. and 12 into'12 become 144, the proportion ab bs 
js nar ſhall beas 121 r0144, and ſo have 285 to 243.3 1Qr#- > 
esprocat Proportion. | My 
On che COMrary; if a queſtion be png concerniggthe | 
fide of a Super ficies, the two numbers of the firſt denominarien | 
muſt be reckoned inthe” liges of: Super ficies , and the Sefor 0+ | 
pened in the terms of the firſt number.tothe quantity of a line, © 
our of the linc of Lie or ſome ſcale of equal parts, xeſemb- 
ling the ſecond number; ſo hisparallel raken þerween the 
rerms of the third number being meaſured, inthe ſame ſcale { 
widyehy ſecond number , ſhall give the fourth number, oer > 
quired. 9; 
As it a field contained 188 acres when it was mraſured wich I 
a ſtatvre perch of 16% and being mea(ured'wich another perch, © 
was found to contain 243 acres, it were required ta know © 
_ was the lengthy of theperch with which it was ſo mea* ” 
ured. ' ;. 
Here tecauſe the proportion is reciprocral, it I rook16 
our of che line of Lines , and put it over 1n 242 in the linesat? 


—- 


Saperficies, his parallel berween 288, and 289, being meaſured © 
the !inc ot: Lines, wou'd þ7 18, ad ſuch isthe! length 01.0 i 
pereass 
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perch infect whereby: the field, was laſt mcaſured. . 

For ſeeing the proportion of the actes is as 28%,ynto 242, Or 
in the leaſt number as 144 to 131 , and that the root of 144 1s 
r2;andthe rootof 122 is 11, the proportion of roots and con- 
(cquencly of the perches ſhall bc as 13to 11 and foare 165 to 
18,10 reciprocal proportion. © © 

[f 360 men wereto be ſet.in form of a long ſquare, whoſe 
ſides hall have the proportion of 5 to 8; andir were required 
ro know the number of men tobe placed in front and hie: If 
the fides were onely 5 and 8, there ſhould be bur 40 men ; bur 
there are 360 : therefore, workingas before, I find that. 


: A$:40 tothe ſquare of 5- 
So 365 tothe [quare of rg, 


As 4oto the ſquare of 8, 
iSo 360 to.the ſquare of 34. 


and ſorry and 24 aretac fides required. 

If 1000 men were lodged in a ſ(quare ground , whoſe ſide 
were 6o paces, and it were required to know the ſide of the 
ſquare wherein 5000 might be {0 lodged, here working as be- 
fore, I ſhould find that, 

As roooareto the (ſquare of 50, 
So 5000 to the ſquare of 134, 
And ſuch very near is the number of'paces required. 


CHAD. IV- 
The uſe of the lines of Solids. 


1 To find a proportion betw en two or ware lik Solids. 


|þ the Sphere, in regular , parallel, and other like bodics, 
whoſe fides next the equal angles are proportional. the 
work is 1n a manner the ſame, with that in the firſt Propoſriin 
of S»pe#ficies, but that it is wrought on other lines: 

 Takeoneof the fides of the greater Solid, and according to 
it open the Seftor inthe points of a 1000 and 1000, in the lines 
of Solids, then take the like (ides of the lefſer Solids ſeverally, 
and carry them parallel to the _ 2% till they ſtay in like 

2 


points, 
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poincs, ſothe number of points whetein chey (tay , ſhall ſhew 

their propottionto ro00- | So) 10 
400 FFT 


——_ B it —_ —_ 


Let A and B, be the like fides of like Solids, either the dia+ 
merers, or ſemiJiameters of two ſpheres , or the fides ot. two 
- Cubes, or ather like, Firſt Irake the fide A, and ro ic openthe 
SeFor in the points of 1000, then keeping the %eFor at this an- 
glc, I enter the leſſer fide B, parallel to the former, and find ir 
ro croſs the line of Solids in_the points of 400 , and fuch is the 

roportion between the Solids required, which in [efſer num- 
erisasS5to 2, 

This propolition might havebeen wrovght by 60, or any 

other number that admits ſeveral diviſions” 
It may alſo be wrought withour ing the Sefor , for if the 
fides of the Solids given, be apphiedco the lines of Solids, begin- 
ning alwaics at the center of rhe Se#or, there will be ſuch pro- 
porcion berween them, as between the numbers of parts 
whereon they fall. | 


2 To augment 4 Solid in given proportion. 
3 To dininiſh a Solid in a given proportion, 


ſfo00d wy 


Ak: the fide of the Solid given , and to it open the Seer, 


in the points of the number given ': then keeping the Se- 
Qor at that angle , the parallel diſtance between t ints of 
te yas required ; ſhall give the like fide of the Solid re» 
quired. 

It it be a parallel opipedon, or ſome irregular Solid,the orher 
like fides may be found out inthe fame manner, and with 
ms the Solids required, may be. made up with the ſame 
angics. . 
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Let Abe the fide of a cube, to be augmented in the-propor-, 
tion of a ro/3- Firſt 1 take the fide A, and put ic over, inche 
lines of Solids in 2 and 22 ſo the parallel between 3 and 3, doth 

ive methe (ide B, on which it I make a cube, it will have 
och roportion to the cube of A, as zo 2. 

In like manner, it B were the diameter of a Sphere, ro be 
diminiſhed inche proportion of. 340.2, I would. rake out B, 
4nd ptt it over inthe lines of Solids, in 3 and 2, forheparal- 
lel between 2 and 2, would give me 4 ; to which diameter it 
I ſhould make a Sphere, - it would be lefle then the Sphere, 
whoſe diameter is Byin ſuch proportion as 2 is leſs then 3: 

Here alſo for varicty of work, may the like caution be ob- 
ſerved to that which we gavein the third Prop. of Lines, 


4 To adde one like Solid to another. 
4 To ſubſtratt one like Solid from another, 


Irſt the proportion between the ſides'of the like Solids gi- 

ven, isto be found by the firſt Prop, of Solids: then adde 
or, ſubtrat thoſe proportions, and accordivgly augment 
or diminiſh by the the tormer Prop. 


"TA _ — 1 A 
"00S 7 8 
8 I 1D 

ME —— 


As if Aand B were the ſides of two cubes, and it were re- 
quired to make a third cube equal ro them both : firlt the 
proportion between the ſides 4 and B, would be tound to be 
as 100 to 40,07 in leſſer terms as 5 $2; Then becauſe 5 and 
2 being added to make 7, I augment the fide A in the pro- 
portion of 5 to 7, and produce the fide C, on which if 1 make 
a cube, it will be equal to both the cubes of «A and B, which 
was required. , 

In like manner A and B being the ſides of two cubes, if it 
were required to ſubtra the cube of B out of the cube of A, 
and to make a.cube equal] tothe remainder. Here the propor- 
tion being as 5 to 2,becauſe 2 taken out of 5 ; the remainder 
is 3» I ſhould diminiſh the fide A in the proportion of 5 to 2, 
and ſo I ſhould have the lide D, on whichif I make a _— 
Wi 


3$ The uſe of the line of Solids. 
will be equal to the remainder, when the cube of Bis taken 
ourof the cube of A, that is the twocubes made upon'B and 
Dſball be equal co the firſt cube made uponthe fide A. , 


6 To find rwo mean proportional limts between two extream lines 
Zoven, , 
Firſt 1 find what proportion is berweenthe two cxtream lines 

given as they are linzs, by the fifth P. op, ot Line, then open 
the Setter in tne lines of Solids, rothe quantity of the former 
extream, and a paralle] between the points of the number 
belonging co the other extream, ſhall bethat mean propor- 
tional which is next the former extream. This done, open 
the Seftor again to this mean p ional in the points of 
the former ertxream, and the tet diſtance betweea the 
points of the latter extream, ſhall be the other mean propor- 
tional required. 


"LR" IC Mp 
SEES © oC TENNIIPTONN 
"LY 
of D £ Ws 
Let the two extream lines ge be A and D, the proporti- 
on between them, as they are[lines, will be ford to be as 27 


tos, Whercfore ltake the line A, ad put it over inthe lines 
of Solids between 27 and 27, and keeping the Scftor at this 
avgle, his paral!cl berwaen 8 and 8, doth give me B, the mean 
proportional next-unto A. Then pur I over this line B, 'be- 
tween the aforeſaid 27nd 27, and this parallel between 8 
and 8 doth-give me the line C, the other mean proporti- 
onal which was required. 

eek of the operation I pur over thisline C in 


Again, for 
the aforeſaid 27 and 25,and his parallel between 8 and 8 doth 


give me the very. line D: whereby it is plain that theſe four 
lines do hold in continual proportion ; and fo Band C are 
found ro be the mean proportionals between A and D the 
CXtream given. 

; 7 To 
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7 To find tipo mean proportional numbers between tw? exireanm 
number: given, 


Irſt 'reckon- the numbers given on both ſides of the lines 

of Solder, benny from the center, and marking the 
terms.-whereto they extend :then rake a line our of the line of 
Linet, or any' other ſcale of equal parts reſembling the for- 
mer of thoſe numbers,and pur it over in the lines of Solids, be- 
tween the points of his like number, and a paralicl berween 
the points belonging to the other extream, meaſured inthe 
ſcale from whence the other parallel was taken,ſhall give that 
mean pr ional number which is next the former <x- 
tream- -This done open the Seftor again tothis mean proport- 
tional in che points of the former cxtream, and the parallel 
diſtance between the points of the latter extream, meaſured 
inthe ſame (cale as before, ſhall there ſhew the other mean 
proportional required, 


4 4 iz mn 
= 8 —4 C mn 


Bi —— 4 


Let the two extream numbers given be 27 and 8, it I ſhall 
take the line A, reſembling 27 ing ſcale of equal parts, and 
to it open the Ser ja 27 and 27, inthe line of Solids, his pa- 
rallcl betwcen 8 and 8 doth give me B for his next mean pro» 
portional, and this mgaſured jin the former ſcale doth extend 
to 18, Thenpurt I over thisline B between the foreſaid 27 
and 27, and.his parallel] between $ and 8 doth give me C tor 
the other nican porportiopal, and this meaſured in the for- 
mer ſcale doth extend to 12. Again, for proot of my work. I 
put oyer this line C between 27 and 27: as before, and his pa- 
rallel between 8 and 8 doth give me D, which meaſured it) 
the former ſcale doth extend ro8, which was the latter ex- 
cream number given; whereby it is plain that theſe fonr 
numbers do hold in continual propertion : and therefore 18 


—_— 


and 12 are mean proportionals berween 27 and 8, which was 
required, 


It 


40 The #/e of the lints of Solids, 
If you ſuppoſe *pricks.under the number” given as in 4rith- 
— Dd that laſt prick to the left hand (ball fall 
under the laſt figure, asin 1728, the unite will be —_— 
at 1,in the middicof the line, 2nd the Root ſquare and cube 
will all fall forward toward the end'bt the line. 
+, Itthe laſt prick ſhall falt under the laſt figure but one, as 
in 17280 ; the unite-may be placed at 1, in zhe beginning of 
the line, and the cube-in the ſecond lengrh - or the unice may 
be placed at 10, inthe.cnd of the line, and the cube inthe firtt 


length. 

"Furitchelaſt prick hall fllon thy laſt figure but two, asin 
192869;31hen, place the unite always at 106 in the end of the 
line: {y,che Roor ſquare and cube will all fall backward and 
be tound in the ſecond lengths A 


$ To finde the enbique root of a number. 
9 The root being given to finds ithe cube rumber 
of that root. 


JNcthe <x:raQtion of a cubique root;ir is yſual to ſet pricks un- 
- *derthe firſt figure, the fourth, the ſeyenth, and tenth, and fo 
forward omitting two, and pricking the third from the right 
hand toward the letr; and as many pricks as fall to be ander 
the cubique-number, ſo many figures ſhall be in the root. So 
that if the namber given be leſs then 1000, the root ſhall be 
onely of one figure; if leſs then 1 000coo, it ſhall be bur of two 
figures; if. above theſe, and 1:{\s then ra00000000, it ſhall be 
Lucthree figures, 8c. 'whereuponthe lines of Solids arc divi- 
dea, firlt 1oto 1000parts and it the numbers given be greater 
then 1000, (the firſt diviſion which betore did fignifie onely 
one) muſt ſignifi 1000, and the whole line ſhall þe 3 000000 3 
it yet the number giyen be greater then 1 000000,the firſt divi- 
ffton muſt now {ignite 1 090c 00;and the whole line be Eſteem- 
ed at 10000000cO parts, aud if theſe be too little to Expreſs the 
numbers given, as oft as we have recourſe to the beginning, 
the whole line ſhall cncreaſe it ſelf a thouſand times. 
.- By theſe meavs, it the Jaft prick, to the left hand, ſhall fall 
under the laſt figure, the number given ſhall be reckoned at 


the 


5 
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the beginning of the lines of Salids from 4.to 10, andthe firſt 
figure of therootiball be alwaics citherg ,. or 2.:.1F the laſt 
prick ſhall 1aJl under the aft figure bur one, then the number; 
given ſhall be reckoned in the middle of the line of Solids, be- 
eween 10. and-1co, and the firſt Hgure of the root ſhall be al- 
waies either 2, or 3, Or 4+ But if the laſt prick ſhall fall under 
the laſt figure but two , thenthe number. given ſhall berec; 
koned at the end of the line of Solids , between 100, ard 1eco.- 

This being confidered, when a number is given, and the cu- 
bique root required, Sct one foot of the compaſies inthe cen- 
rer of the Seftor, extend the other in the line of Solidsto the 
points of the vumber Bye: For thisdiſtance applyed tg gne 
of the lines of Lines, hall ſhew what the anbique roar iS, with» 
our opening the Seftor. _ | 6 tpry Sod bet. ores 


So the neareſt root of 84gc coo, is abour 204. 2-4 
The neareſt roct of 84gcocco, is about 439. 
The neareſt root of $4900ccoo, is about gg7. 


F.C \ We "HW. WM , 

On the contraty, x'number may be cube: it firſt we extend 
the compaſles ro the number given ».in the line of Lines, and 
then apply the diſtance to the lines of Solids, as may appear 
by the former examples, 


8 Three numbers being given,to find a fourth in a 
A IH 41 triplicate proportion, | 
A S like Swperficies do hold in a duplicated proportion, {0 
like ſolids in a triplicated proportion of rheir howolo- 
gal fides : and therefore the ſame work is to be obſerved, here 
on the lines of ſolids, as before in the lines of Swperficies ; as 
= appear by theſe two examples, 
a cube whoſe fide is 4 inches, ſhall be 5 pound weight, 
and if it be required to know the weight of a cube whoſe tide 
is 7 inches ; here the proportion would be, | 


As 4areto acubeof 70, a 
$07 to a cube of 375» 


And 


4* Thewſtof the Une of Superficies; 
oe 7 ot of the lines of ſolids, and put it over in 
lines of Line: beat omar, = vc Lea 


orig "of ſo be 375; "is rhe” 

eg 2 bog 27 vea diamiterof 6 inches, 
andit be re eu tht amiter of'the like alter, 
whoſe weig is 15 pounds; here the proportion world be, 


A the cubiqueroot of 27 isumto'6 , 
So the cubrque roor of 125 is unte 10, 


And if Itook & our of the lige of ic and ou 
+ aid 27 of the lines of Solids , his brtevin oy 
125 meaſured in the line of Line, would be ro; nyt 
the ec n__ 
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Containing-the uſe of the Curcular Lines, 


hh 


. 


| | CHAP. 1. 


Of the natzre of Sines, Chords, Tangerts and Secants , fit tobe 
knowwtefore band jn reference ti right-lined Triangles, 


N the (4no» of Triangle, a circle iscommonty divided into 
I 360 degreviy each - into 60 winutes, cach minute into 60 


| 4 
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A ſemicircle therefore isan Ark of 130, gr, 
Aquadrantisan ack of go gr- "a 
| A 


44 Of the nature of Sines and Tangents. 
. The nizaſure ofa angle is the ark of acircle deſcribed ouc 
{pan Eatpoint Anortepted berweenths {ides ſufficiency 
ac 


pr . | 

Sotyi2/m:gſare of a rightangleis alwaies 211 ark of go gr. 
anl ftthisexam3le rhemerfuce of the angle B\ D inthe pre- 
cedi b: figure, is the ark B'T þf 44 gr-th=) mzaſure of theangle 
BAG, isthearkBFof gogr. _ i 

Th:Complemenc of an ark ot of anangledorth commonly 
ſignifi: the ark which thegiverark dbrh want of go'gr. and 
ſochearsBF is the comple neoftche ack. B Cy; and thyan- 
glc B-A:B, whoſe meaſure FI is the &mplemene of the'an- 
gle BA C, and on the contrary, 

Taz complgm?at of an ark or angle in regard of a (emicir- 
cle, is chat ark which the given ark wanted to make up 189 gr. 
and (0 the angle E A H is the complement of the angle E A F, 
af th ark E H is the complement ofthe ark.F Ein which the 
ark CE isthe<xceſs above the quadrant. 

| frnafeweonnmich theſe arks {bcing the meaſurevof 
angles (havecothe ſfidegot a triangle, cannot be cecrain, un- 

leſs that which is crooked be brought toa ſtraight line, and 

that may bz done by che application of (\ordr, Right Siner, ver- 
fed Sines, Tangents and ſecants to the ſemidiamzrer of a circle. 

. AChoerdisa right line ſubtending an ark:ſo B E is the chord 

ofthcark BCE, and B Fa chord ot the ark B F. 

A right Smeis half che chord of the double ark, viz. the 
right line which fallech perpendicalarly from che o1c extream- 
oli given atk, _ th: diam:zter drawa to the other ex- 
cream of the ſaid ark.. | 

$0 if the givea ark b2 B C, or thz given angle be B A C, ler 
the diamzter b: drawa through che center A-unto C, and a' 

adicular B D be ler dowa fromthe extreama B, upon A 

, this p:rp:ndicular B D ſhull b2 che right p»e bath of che ark 

BC, and alſoofth: angle B A C: and itisalſorh: balt of the 

chord B E. ſubtendinzcheark BCE, which is doubleto the 
-givenark BC. lalike manacr, the ſemidiameter F A, isthe 
right Sin: oftheark F.C, andof the crighr angle F A'C ; for ir 
ers þ - ama upon A CC, and its che half” of rhe 
Cc . e.1 


This 


of the nature of SinesjaudTangents. 45 
This whole Sines of go gr- is hereafter called Radine, but the 

other Sines rake their dendmination-from the degrees and. 

minures of their arks. : . 

Sens verſus, the verſed pnezis a ſegment of the diameter, in- 
eercepted berween tne righr fine of the ſameark, and the cir- 
cuttiterence of the circle. $0DC is the verſed fine of the ark 
CB, and G Fthe verſed fone of the ark B F; and GH the verſed 
feof the atk BH, : 

A Targent is a right line perpadicular to the diameter 
drawn by the one extream of the given ark, and terminated 
by the ſeceve drawn from the center, through the other cx- 
rream'ot the (aid ark. | | 

A ſecam is a right line drawi from the center, through one 
extream of the giyen ark, till it meet with the tangent raiſed 
fromthe diameter atthe other exttcam of the ſaid ark. 

So if the given ack be CE, or the given angle be CAE, let 
the diameter-be drawn through the centerAcoC, and in C 
to A C, beraiſcd a perpendicular C1. Then let another line 
be drawn from the center A chrough E, till it meet with che 
perpendicular Cl-inT; theline CI is a tangents, and A lis the: 
fecant both of-cheark C E, and of the angle CAE, 


nc? "CHAP. "HI; 
Of the general uſe of Sines au4 Tangents; 
- 1 The Radius being known, to find the right Sine 


11 -- of any "ark o» angle. os 
PrheRatius of the c cle giyen boequal to the lateral Ra» 
dius, that is ro the whole line of Sizes on the Sefor , there 


needs no farther work, butro rake the other fines alſoout 
ofthe ſide ofthe Setor. But if it be ckder greater or leffer,chen 
leric be made 4pariltel Radius , by applying ic. over in the 
lines of Sizes, b2tween $0000 991 (or pathllel taken from the 
like laceral fines, ſhall bethe ſine required. = 

As, if the givea Radius be-A C Sir were required to find 
— elngut 56 gr. aud his complemiint agreeable ro that Ra- 


L 
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Vers A B. A Bigiclent the nt of Sxes onthe Selter, and 
let BB, the diſtance between goand go, be cqualtothe given 
Radius A C, | Here the lines A 49s A $0;A F may be called 
the lateral fines of 40, 50, and go, in regard of their place on 
the ſide of the Seftor. The lines between 40 and 4o, between 
50 and 50, between goandgo , may be called the alle 
fines of 49,- 594 and goy"in _— xc nd are parallel o 
the other. The Whole fine of g0.gr for the ſerni= 
diameter of the circle,may ide. ca Radius, _ —— 


forcif AC 7 Lb bd, the line ys 
ſa made 'a ng e wee. 
en tall bY. the "the lhe bog Act requi beg : 
ves be» 


FO of go, the co q, , his p; 
are had halide ah hes | hnrom which. 


pe» 2 Theright Soba being given tro $64 che Radias 
Te the (i gifep's _— 7 ſine, aod his parallel 


47 
ASitB D Ee gee {ine of 50 gr. and fr wererouns 


—_ > 
WW 4 


lo grrit bfisf Sitiesand Tangents. = 47" 
eto fad the Rudi , Ier'BD Ve rhide 2 ylaralle? flor of 5o 
Pay bt wank in the lines of Sierbetween 5e and 50, 
pv paralle] Redivs between goand'go hall be A C, the Re- 
dims required: | | | 

3 Thi Raillixiof 4 cirtle or. the right Sing 7 any ark being 


given, and 4 ftraig bs line reſembling 4 Sine, to find 
; "the quantity of chat unknown Sine, 


Et the Radius or right ſine given be turned into his paral- 

» lelthen rake the right line given, & catry it paralle].co the 

tormer,cill ic ſtay in like Sines, ſorhe number of degrees and 

nAgures where it ſtayerh,(hall give the-quantity of rhe Sine re- 
uired. | 

v Asit BD were the given fine of 5ogr- and B G the ſtraight 


line given,firſt I mcke BD a parallel fine ot 5o gr.th ping | 
the Fecotar this angle, I carry the line B'G parallel, and fin 
i @ tay fn no other but 40, and4o , ad therefore 49 gr. 
bis quantity required: A 
4 The Radinn or any right Sine being given, to find 
| the verſed fn of —__ 


T the ark, whoſe verſed fine is required; be leſs rhini the gus- 
Tre? take the ſifie of the 6 lemenr our of the Radius, 
pd rap gemalnges ſhall be the Saws verſo: the verſed {ne of 

at ar 

As if A Bbeing the lateral Radius, ir were required tofind - 
the verſed ſine of 4o gr. here the {ine of the complement is A 
50, therefore B5&G'isthe verſeafine-required. OrifI rec-: 
on from B at the end of the SeQor , roward the center, rhe 
diſtance from 9o to 80 is the verſed {ine of 10 gr. trom go to 
76, the verſed ſine of 20 gr. from go to 60 is the yerſed (ine of 
30 pr. and ſo inthe reſt. 

A.D bethe given ſine of 50 gr. and it be requiredto find 
the verſed {inc of 5ogr. here becauſe A Dis unequal to the la« 
tcralſive of 5ogr. 1 make ita parallel. And firſt 1 find the Ra- 
dius A C, then the ſine of the complement A 40, which being 
taken out of A C; leaveth C40, tor the verſed ſine of 50 gr. 
which was required.. 


Bur 
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Bur if the ark whoſe verſcd fine is required, be greater than 
the k apc ay + his verſed finealſo is greater than the Radins, 
by the right line of his exceſs above go gr- | 

As if A Cbcingthe Radius given, ir were required to find 
the verſed ſine of 130 gr. here the exceſs above 90 gr- is40gr. 
and therefore the verſed fine required is cqual to the Rabin 
A Cand A4o, both being (et together. 

The diameter or Radius being given, to 
Eg = bm dnp mens 


T "ra fm may be ficted many waics to ſerye for chords, 


1 A ſince the half of the chord of the double ark, 
if the fine be doubled; it giveth the chord of the double ark, 
a Sine of 16 gt, doubled giveth a Chord of 20 gr. and a Sine of 
25 ing doubled,giveth a (berg of 50 gr. and ſo inthe reſt; 
As here B. , the fine of BC, anark of qo procing doubled, 

iveth B E the chord of BC E, which isanark of 80 gr. 
herefore it che Radius of the circle given be equal wie fav 
teral Radius, let the Seer be opened near unto his length, ſo 
that both the lines of Sines may make but one dirett line : ſo 
the diſtance on the fines between 10 and 10 ſhall be a chord of 
20,the diſtance between 20 and 20 ſhall be a chard of 40, and 
DR Ie 30and 3o, ſhaſl bea chordot 60, and (6 
int : 
2 Becauſe a fine is the half of the chord of the double ark, 


the proportion holdeth. 


. 
- 0 


We G \ my" 


9 Go Fo 7 % -"—C A 10 26 Co 40 Fo & "50 
As 


' 


os IR tony 5 49 
| Ag) F the Radius' At ſothe-chard. 
Sp the five Eon the chord ab a the fine A 
and then if -the;Radius & H ba you for the in oy 
is 2 chord of 180 gr, the fine D Eor AL, fare ar a 
chord of 80 gr, and the ſemiradius which is the fine of 30 gr, 
ſball ſerve tor a chord of 6027 08 golor rhe ſemidiameter 
ofacircle, and ſo in the reft. 'So that by rkefe means we ſhall 
not need to double the lines of fives as' before, bur oncly'to 
double the numbers. Andto t 4 I yo ng 
each degr. of the fines into- two, that fo 1 ew” 
a and yet Randfor- 


how far the half degr. doreach ia thelines, - | 
whole degr. when they arc uſed a3chords. 931119423 29.31 
W herctore if the Radius of the circle given be equaltathe' 
Jateral ſemiradivs(the ſineof 30g. and.thare of 60 gr-)there 
needs no farther work, then ig take: the fingot a0 gro far a 
chord of 20 gr. and a ſine of t 5 gr« fox achordefgagrylice 
Put tfche Radivs of the gircle tp pines or ror 
leſſer hen the, emiradius.cake the diarticeetotit, and” ' 
ake K's parallel. chord of 1$6.g by appltipgit- over the 
Iinesof fer between go and gr ,or dive or Semin! 
diameter, which is cqual t@ the chord of 60 gr. and make ita 
paralle] Radius of 6g gr. by applying it over inthe fines of 3. 
ang 3e» and keep the Setor atthis angle. The parallelsrakem” 
trofn the lateral chords ſhall be the cords required. & 
As ifthe diameter of a circle given were the line 4 B, and 
it were required to find the chord of go gr. Firſt-I make 4 B 
a paralle) chord of 180 gr. orthe half of ita parallel chord of 
60 gr-ſo his yaralle] L F ,dcth give me F'4 the chord of 8e gr+ 
which was required, - LEES 
3 Secing that as the ſine of the complement of the.balk ark 
is unto the Radix, ſo the fine af the ſame whole arkis unto 


the chord ot it : It we ſeek but for one lingle chord, we may 
find if without cither Houbling t $, or doubling the 
number; For applying over_the Radius pou inthe fine of 
the complement of | the ark required, his parallel fine ſhall 
er of the circle given were A C, and 


. 
=- 


ons 


ir wete required to find the chord of 49.gr, the halfof qo gr. 
ar. k $) 


and be the line D F (18, ) the 
diameter CF (20) and 


_ 
- 
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n.the cherd given ito.s paralle chord, ard his parat» 
bl ins ball be the weter, ard the -paral- 
lel radius ſhall be the. diameter, gas , | 

As if F G be the choreot £ogr. I pur this over in Gand L, 
the ſine of 40, aid. chord of 80 gr, ard the yarn chord of 
180 gr. giveth me A B the diameter required- 

Or it | turo the chcrd given into a parallel ſine of the ſame 
quantity, [bis parallel fine of the complement ot haltthe ark, 
doth give me the {cmidiameter. ; 

Asit FGbe thegiven chord of 40 gr- I put.it overinG 
and L, the {ines of 40 gr. then becauſe the balt of qc gr. is 20 
r. and the complement of 20 gr-is 50 gr. I take outthega- 
rallel ſine of 70 gr.and it giveth me AB tor the ſcmidiameter, 
agreeableto chat chord of 4o gr- : 


Having the Diameter of an Ellipfs to deſcribe the ſamg,npon « 


IF cach ſemidiameter be divided, in ſuch ſort, as the line of 

Sizes .is divided upon the [Seftor, and right lines drawn 
through cach diviſion perpendicular to thoſe ſermidiameters 
like unto ſines; The points where the fines drawn through” 
the one ſemidiameter do meet the fines of- the complement 
drawn through the other ſexmidiamerer, ſhall bethe points 
through-which the Ellipſis is ro be drawn. 


Lec theidiameters be A B,D E, one ercfli = 
the othepin the poi C. Divide firſt the ferred $C 4, 
C B; then; the ſemidiamerers CD,CE; lke unts'the lines 
of -Sines upon the Sees \; by the '$ Propoſition of Lines : So, 
the Ellipſis fhall'be drawn through the points tthe mecting 
of theSines of 10/ and 86,0t 10 and 70, of 30 and 60, 8c. 
| _ Or Cormope the help of the line of f=es) wernay draw the 

circle A Þ'B upon'the center C, abdſermidiameter AC, For 
ngthe diameter 'A'B with ſcyeral perperdicular lines 
continued unto the" circumference of the circle, it we divide 
theſe perpendiculars oneither {ide of the diameter in ſuch ſort 
as the greater ſemigiameter C Fis divided by the Jeffers io 
* 1407 1519 MOTT C16 's | 'the 


a 


lojcro 
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che point D; and draw lit ough alithoſe points: 


II n——_ 


Rains A C, upon the.centers Dand E, deſeribe two 0: 

arches meeting inthe poin:s K and L. Thea taking berweetr 
CandK, any number of 'p1ints MN, we may frorg the' cen + 
tersK and L, wich the ſemidiam:ter MB ickthe} four occalt 


r4 artherie the pointsar'9. E [ 
i Ms _Y genrers pred with the Radius 

NB, we may ather 4-Qcey Pmniep mate em choRy- 

ons ws AN odcho former cemers [roſs chem 

ches in thepoincs at h at pw wv ce lipknooghe + 


oo } (11 {{ «1 013 $Y 'y 
i ingh58) 5s we ſhoakdtye a 'thncad about! dard L, 

[5% of again: which is ry ancafic, way.th 

| Cf mans of theſe forragr 2g Red ar Semidia- 


ung key oor raters yn 


fram-£he: -point xr round aboutche 

M105 

tmeter may be ſer down in numbþ2rs. For ſuppoſing the lefler 
A — 
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- -1: meter CD, tobe 10, the. greater ( C #)to be 16, (of 
wherwile divided into any number of kaown points, ) It we 
have the proportion berweea CGand C Þ, we may hnd the 
Jengeh of the perpendicular © /7- | ; bY 
If the proportion: be as 1 to 3, the perpendicular will be 


$:66. © | 
It rhe proportion be as » to 3, the perpendicular, will be a” 
þour'7. 45+ 
As the greater ſemidiameter CB 
to the part given CG 
So 1ecoo0o, the Radius CB 


tothe (inc of CG 

. Whoſe complement is GO H 

As the Radius CF 
to the ſine of the complement G H 
Sothe lefler (emidiameter CD 
tothe perpendicular GI 


The ſame may alſo be found without knowing the fines: 
For the perpendicular GH is a mean proportional between 
A Gangs B: which beingknown 

AsCFuntoED,foisG HunzoG 1, 


7. Toopen the Seftor to the quantity of any 
angle grven- 
8 The Seftor bring opened, to find the quantity 
of 'the angle, 


FT isone thing tro opea the edges of the Sefor to an angle, 
and to open the lines on the Setor to the 


another thi 
| ent aigle Ver the ines of lizes 0n the one fide, and the lines 


r ide, domake an angle of 2 gr: when the 


Qor is cloſe ſhut, and the edges do make 195 angle atall. 


Solikewiſe the lines of $»perficies and the lines of Sel:dr do 
ones get ts gr. _ KU be allowed ro oo edges, 
| nes of lines may be | 0A ri ; ie 

whole linc of 100 parts —_ over in $5 Tod 6 


£ 


if 4 goPegr ms f lin of loner AV V Tho 
UG, ilar ny of I 


” « 


a Hg, ona Sines and Tangents. 

The. line of -fnex maybe” opened'to'a right angle; if the. 
large ſecant of 45 gr. be applied over inche finesof g0 Hor 
if the fine of $0 gr. be app ted over in the ſincs of 45 gr. Or 1 
the ſine of 45 gr. be applied over in the fines of 30 gr. 

it 1 be required to open thoſe linefo any other angle, take 
out the chord thereof, and apply it over in the ſemrradins, agd 
thoſe lines ſhall be o-ened to that angle. 

As it it were required to open” the Setor in the lines of nes | 
toan argle of 40 gr. take outthe chord of 40 gr. and to it 
open the Seftor inthe chord of 60 gy. ſoſhall the lines of {nes 
be opened ro the angle required, Or if the fame chord of 40 
2”. be applied over. bet weeh 50, ard 50, in the lines of /ines, 
chey ſhall alſo be opened to the ſame angle, It it be applied 
over in 25 of the lines of S»perficies, of 125 in the tlincs of 
S-1:ds , they alſo ſhall be opencd to the ſame angle: becauſe 
the chora, of co gr. or linegt 30 gr. and 50 in the lines of dives, 
and 25 in the lines of Saperficies, and 125 in the Solids, arcall 
ot the ſame leagth with the ſemiradius. 

Or it the Sem odivrbe applied over between the {ive of 30 
£r. and the fine of the complement of the angle required, it 
will 0;en che lines of $-»e: ro that angle. | La tha 

As it the ſemiradius be-applicd ovcr ja. che linesof 30 gr. 
and the fine of 50gr. it ſhall open the lines of fines to an angle 
of 40 gr. 

On the contraty, if the Sefor be opened toan angle, and 


it be required.to know. the quantity thereof, open the com- 
paſles ro No tal ener 


rtirg one foot ih the ſine of 30 
27. turnthe other toward the other line of f=e7, and ic ſhall 
tallrhere in the complement of theangle ; it ir fall on zo gr. 
the eogle is. 40 gr: it on 60 gr.the angle is 30 gr, dtc, | 

Qr takeqvcr the parallel chordof (60, gr. and meaſure it 
io the Jatcral chord, and it ſhall there ſhewrhequancicy otthe 
angle. Asil the Seto bEvg opeiddyo hs anglo. lihouldeake 
averthe Parallel of 20 gr. of the fines, and60 gr. of the chords 
and meaſure it in the lateral chords, find ic ra be 4ogr, the 
-avgle camprehended berween theilines of Ser is 40 gr, bur 
the angle between the edges of *the Sector is /2 on blk nod 


-thercfore but 38 "i 


's To 
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© 9. Tofiudthe guanity of v9 angle given; 


F out ofthe ang ilir point, toth? qtantity of rhe Sematradi 
#, b:d:[ccib:d a1 accaltark that miy (cur both Gdes. of 
the angle, the chord of this ark m2afured-1n rac lateral chord, 
ſhall give che quantity of the angle. | 
© Let the aaglegiven.b2 8 AC : firſt I take: the Semiradrus 
with the Compaſſes, and (:rring one foot in 4, I curthe fid-ts 
che angle in Band GC then f ke thechord BC, and mca- 
ure It inthe lateral chord,and I find it ti: be 11 gr. and 15 Af, 
and fuch is the quantity of the angle given- 


Ocitrhe ark b=deFribed oar of rhe angular poiart ata ny 
otherdiſtance, 1erth2 ſemidianeter bs rurned into a paral- 
lelchord of 60 gr. then cake th: chord of this ark, and carry 
it parallel, rill it croſs.in like chords : fo the place where ic 
Raycrh fhall give the quaneicy of th: 


angle. 

As in the former example, if t rnake the ſemidiamter 4 B 
< arable cHrn ated be 1ich*a kezping ch: Seffor ar that 
angle, earryrhe chord BE paraflet Hl icflay_ in like chords 
fall fi1d'irro Tay in n5 other bur rt gr. 15 CAE, and ſuch is 


10 Up 4ri br tint 4+4 4 print given in it, to wakg an angle equal 
10 avy angle given, | ng 


E 


[rſt our of the point given deſcribs an ark , catting the 
ſame linexthea by che 5, Prog, abore, frad the *hord of the 


angle 


' 


hae Pio: 


a ware the ſemediameter, , and inſcribeic 
jog gee {oa right line drawn through the point given, 


pO this chord, (hall be rhe ſide that makes up che 


— right line given be of B, and the point given wy 
be 4, and ler the angle given be 11 gr.15 w. Here ! opetithe 
the compaſſesto any (emidiameter «A B, (butas oft as 1 may 
conveniently tothe lateral [emiradius) and lerting one 
in'A; 1 deſcribe an occulrark BC; then | Setrogerke chord 
of 11 gr. 15 #. and raking ic with the compaſles, 1 (&one 
faot in 8, the other crofleth the ark in Ad ct _ I draw 
che linz eA C,andit makes up the angle required 


11 To divide the circumference of 4 circle into any parts re- 
quired, 


I F 360 the meaſure of the whole circumference be divided 
by the number ot parts required,” the quocient giveth 
chord,which being tound will divide the circumference, 

So a chord of 120 gr. will divide the circumference into 
3 equal Party 3 a chord of ax ads into 4 parts; a chord of 72 gr. 
into 5 parts;4 chord of 60 gr, into Reds «2698. 


into 7 parts of 45 "Ins rts 3 ac 49487- 

imo 9 parts; (cho 39g. into 1 pb 
%,1ntO 11 32 30 r, fnco4s 

bye” like mites it it be reqiredts ride heir 

of the circle whole i 

the ſemidi, 


Bur here theparts being wany, it were better to mm it 
firſt into fewer, and after to come over it agai UeY ro, 
divide the 'circthifercxice into 4, and then eas 4 parts, ipgo 
g, or otherwiſe,as the parts may he edivides. 


f 


Fn - a 
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12 Todividea right lane byextream and mean proportg1n. 


He line to be divided by extream and mean proportion 
TT ha thefame proportion to his greater ſegment, as in 
figures inſcribed in_the ſame circle, the fide of an hexagon a fi- 
gure of {ix angles, hath toa fide af a decagen a figureof ten 
angles rbutthe fideof a hexagon is-a-chord of 62 gr. and the fide 
of x decagon isa chord of 36 gr. ; . 

Let A Bbe the line to be divided : if I makee1B aparal- 
lel chord of 60 gr. and tothis ſemidiamerer find a { a chord 
of 36 gr- this A { ſhall be the greater ſegment, dividing the 
whole line in C,:by extream mean proportion, $0 that, 

As «A Bthe whole is: unto 4 C the greater ſegment : ſo 
AC the greater fegmentunto C Bibe lefler ſegment. 

'Orlet A C be the greater ſegment given: if I makethis a 
parallel chord of 36 gr. the corteſpondent (cmidiamerer ſhall 
bethe whole line AB, andthe diftercnce-C:Brhe lefler (eg- 
menr.. L 
A _ I 

Or let C F be the leſſer ſegment given + it I make this a pa” 
ralle] chord of. 36 gr. the correſpondent ſemidiameter ſhall 
berhe eter ſegment A ©, which added ro CB, gives the 
wholcnne AB, - > TIL 
To ayoil doublingof lines or numbers, you may put over 


the whole Tre inthe Smerof 72 gr. andthe parallel fine of 36 

Or you orvet the whole line in the fines of 54 gr. the 
parallel figeof 30gr- ſhall bethe greater fogment, and the 
parallel ine of 18 gr. ſhall be the lefler ſegment. 


4 CHAP, 


. 


Of the projettion of the Sphere, 
CHAP. III. 
Of the projettion of the Sphere in Plano, 


0; TN Sphere may be projeted in Plano in ſtreight lines, 

_ T2 asin the Azalemma, ifthe Semidiamer of rhe circles 
given be divided in ſuch ſort as the line of Sin:s on the Se» 
COD. | 
As if the Radius of the circle given were «A E, the citcle 
thereon deſcribed way repreſent the plane of the general me- 
r:dian, which divided inco four equal parts in E,P, vE, S, and 
crolled atright angles with E / and P S,the diamiter E./E 
ſhall cepreſent the equator, and Þ Sthecircle of che hour of 
6- Anditisalſorhe Axis of the world, wherein Þ ſtandsfor 
the North. pole, - and $ for the South pole. Then may cach 
quarter of the meridian be divided into go. degrees from the 
equator towards the poles. Inwhich we numbet 23 yy aw 30 
mm, the gocatet dectinacion of the Sun from Eto 69 North- .. 
wards, from & to W Southwards, the line drawa from 69g to yy 
ſhall be the- cliptick, and the lines drawn parallc| to the 
AO SENS TEnDs / x oper 0 plane of the 
, Vi netc« Common wit OL INC. 
ridian, if we ſhall divide each Semidiamerer of che ecliptick 
into 90 degr- in (uch ſort as th: Siver are divided on the Sefter. 
The firſt 36 degr, from 4 towards S ſhall - ſtand for the ſign of 
V. The 30 degr, next following for &. The reſt of 3 S $8. 
it their order»... So that by theſe means we have the place of 
the S-n for all times of the year. 4 

It again we divide A P,4 $,in the like fort, and ſet thereto 

che numbers 10, 20, 30, &Kc. unto ge degrees, the lines drawn 
through each of cheſe degrees parallel to the equator ſhall ſhew 
_ declination of the $un, and repreſent the parallels of lau- 


If far ther wedevide «A E, A <A, and cach of his parallel 
equally io the like ſort,and then carctully draw a line through 
15 degrees, (0 as it makes no angles. the lines ſo drawn 
ſhall bz elipfcal, and repreſent the hour-circles, The _ 

ian 
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dian P E $,the hour of 12 at noon ; that next unto it drawa 
chrough 75 degrees trom the Center the hours of 11 and 1, that 
which is. drawn through 60 degrees from the center the hours * 
of 10 and 2, &c, 


To theſg we may *adde the moneths of the year and the 
dayes of cach moneth, placing Jexw4ry about F, cAfarch a- 
bout E, J=xe about 7, July about K, September, abour E £&, 
December, about the Tropich, of W: and ſo the reſt according to 
their Declinatton from the equartor,' 

Then having reſpe& unto the laticude, we may aumber ir 

2 


from 


H 


60 of the pro fi8jon of the Sphere, = 
froth E North ward unto 7, andthere place the Zenith :by 
which and the ante he fnedrawn Z A Nſhall yy gs, 
vertical circle, paſſing through the Zenith and Nadir Ea 
and Weſt, and the line M A H crofling it at right angles, 
ſhall repreſent the horizon. 

Thele two being divided in the ſame ſort as the ecliptique 
and the equator, the lin: drawn through cach degree of the 
Semidiamecter A Z, parallcl to the horizon ſhall be the Circles 
of alritugde, and the diviſions in the horizon and his parallels 
ſhall give theazimuth. ; 

Laltly, it through 18 gr. in AN, bedrawna rightline I K 

allel tothe horizon , it ſhalVſhew the time whea the day 
reaketh, and th&end of therwilight, 

For example of this Projettion , let the place of the Sun be 

degree-af-L, rhe parallel paſing through this place'is 
L D. and therefote the meridian aleitude M 1, and the de- 
preſſion below the horizon ar midnight H D : the ſcmigi- 
AB then LC, the poo ena v C Dj hy decinaieg 
% ccntiqnal difference B ©, the amplitude of afcenti- 
HD, Dear daat expe ach 
-- -*Qay. break is very (mall; for it ſcems the prealic! of the Sun 
Mee ly cond the lice of ewiſighe. 
If the altitude of the Sun be given, let a line be drawn from 
it parallelto the horizon ſo it ſhall croſs the parallel of the 
San', 'and there ſhew” both the azimuth«and the- hour of 
the day» As it the place of the Sun being given as betore, 
the Alcitnde inthe morning were found to be 2e degrees , the 
ling F Gdrawnparallcl tothe horizon through 20 degrees in A 
Z., would croſs the parallel of the Sun in @. Wherefore F © 
ſhewerh the azimuth, and L*©, the quantity of hours from 
the meridiaa. . it ſeems. to be about halt an hour paſt, 6 ig the 
moraing, and yct more theg half a point ſhort of DN 

Thediſtance of two placcs may be allo ſhewed by chi 
jection, their latitudes being, known, and their d of 


longirude. | wil coi I} 8: 4 
Tow lappoſca place:in the Eaſt of eArabis, haying 20 46 


greas 


. iOf the Projedtton of the Sphere. 6d 
orth latitude , whoſe difference of longicude*frony 
___ tound by ao, Eclipſe to be.5 kowrs, 5+ Ler Z be the 
Zenith of Lobdon, the parallel of latitude for rhat other place 
muſtbe LD, in which the diflerence of longirade is L ©. 
Wherefore © repreſenting the lite of chat place, } draw through - 
© a parallel tothe horizon M H,crofling the verticle A Z near 
about 79 degrees from the zenith , which multiplied by 20, 
= ſheweth the diſtance of London, and that place to be 1400 
leagues. Or multiplied by 60,to be 420 miles. | 
2. The Sphere may be projected in phewo by circular lines, as 
in the general Aſtrolabe of Gemma Fr:fins, by the help of the 
tangent on the {ide of the Settor, 

r let the circle given repreſent the plane of the general 
meridian as before ; let it be divided into tour parts, and croſ(- 
ſed at right angles with E &the equator. and P S thecircle of 
the hour of 6, whercin ÞP ſtands for the North pole, and $ for 
the ſouth pole: Ler cach quarter of the meridian be divided 
into 90 degreezand {0 the whole into 360, beginning from P, 
aud ſetting to the numbers of 10,20,3c. Fc. goat £ 180 at S, 
270 at E,z60at P. Theſemidiameaters A P, A &,A S,AE, may 
be divided according to the rangents of half their Arks;that is 
atangent of 45 degrees , Which is alwaies 1c000,, cqual ro the 
_Radivs, ſhall give the ſemidiamerer of go degrees a tangent of 

40 degree; 83910, ſhall give 80 degrees, inthe {emidiameter : a 
ranigent of 35 «degrees 70021 ſhall give 70, &c. Sotharche 
ſemidiameters may be dividedia ſuch ſort asthe rangent'on 
the fide of the Seftor,, the idifterence being onely in their de- 
nomination. 4 

Having divided the circumference and the ſemidiameters 
we may cafily draw the meridians and the parallels by the 
_ of the Seftor, 

he meridians are to be drawn through both the poles P 

and S, and the!degrees before graduated in the equator, The di- 
ſtance of the center of each meridian from A the center of the 
plane, is equal to the tangent of the ſame meridian, reckoned 
from the general ———_— PASE, andthe ſcrmidiameter 
"Palyoitn lacong onilie ſame degrees oo 
, "As torexample; it H{hould draw the meridian PB S,which 

viel a | hos 


62 Of the projetHon of the Sphtre. 
is the tenth from P &S, the tangent of 1* gr. 1763 3,giveth me 
A Cand the ſecant of ro gr. 161543,giverh mes C , wheretore 
C is the center of the meridian,P B.S and CS, his ſemidiame- 
ter. {o A Fa tangentof 20 gr-36397 ſheweth F to be the center 
of PD $, the ewentieth meridian from ÞP &S & A G a rangent 
of 23 gr.30 43481 , ſhewerth G ro be the center of PV 8, &c. 
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iftance of the center of each parallel 


d 
ter of the plane;isequal tothe ſecant of the ſame paralleIfrom. 


Of theprojetion of the Sphere. 6g 

and the ſemidiameter equal to the tangent of the 
robe be As if Iſhould draw the rarallel of $0 degrees 
which isthe tenth from the pole S, firſt 1 openthe compaſ- 
ſes unto A C the of 10 degrees 17633, and this giveth 
methe'ſemi of this parallel whoſecenter is a little 
from Sz in ſuch Ghoncy as-101543 theſccants. S Cis longer 
then 16co0,the Radius S A, ; ; 

The meridians and parallels being drawn, if we number 
the 23 degr. 30 win. from Eto g Northwards from &toW 
Southward, the line drawn from Sto w ſhall bethe eclt” 
ptique : which being divided in ſuch ſort as the ſemidiameteC 
A Pp, the firſt 30 degrees from A to! 69 ſhall ſtand tor the ſine 
of Y; the 30 degr. next following for & ; the reſt for T 69 K, 
&c. intheirorder. | . 

If farther we have reſpe& mnro the latitude, we may num+- 
ber it from E Northward unto Z, and there place the zenith, 
by which and the center; the line drawn Z 4 N, ſhall repre- 
ſent the vertical circle, and the line AH crofing it ar right 
angles ſhall repreſent the horizons, == cheſe dividedin t 
ſame ſort as AP, the circles drawn through each degree of the 
ſcmediameter 4 Z,parallelto the horizon,ſhall be the circles 
of altitude: and the circles arawn through the borizon and 
his poles, ſhall! give the Azimuths. 

Some uſes of this Projetion. 

For example of this projection, let the place of the Sun be 
in the beginning of es, the parallel pafſiogthrough this place 
i5& © L, and therefore the meridian altitude i L, and the 
deprefſion below the horizon at midnight: H O, the ſemidi- 
urnal ark L ©, the ſeminoRurnal ark O ©, the declination 
AR, the aſcenſional difference R @tke awplitude cf thea(- 
Oh o# be eſent the pole of th 

if «A be put torepreſent the pole of the world,then ſhall 
P £5 Eftand fer the equator, and F 5 w for the ecliptick, 
and the reſt which before ftcod tor meridians, may now ſerve 
for part icular horizons, according to theit ſeverAelevations. 
Then ſuppoſe the place of the Sun givento te 24 degr. of &, 
his-longitude-ſhall be Þ 7, his right aſcenſion P H, his decli- 
nation H /. And it the place given be 19 degr. of Ay his longi- 
tude ſhall be Þ X, his right aſcenſion P N, his declination N 


K. Again, 


64 of the pro joeon of 2h Sy here. 
X.Againsthodeclinarion broughtto the hortzon of rhepl ace, 


ſal} there ſhowrhe aſcenſional djſerenee; ample of af. 
chafion; andthe like 'conclakons of the lob: or lintend 
dot hece to ſhew the uſe of the Aſtrolabe, 'butthe uſe of the 
Seder inprojettion.” © yas nc Es. 

And this manner may a' no be” projeted to 
ſhew the hour of the night, whereof I will fee down rype for 
cho aſe of Seamenstth £020 IHENT 25 2619006? 


> _— dis \ 
% A (, _ —_ \ - = 
on <. 4 of [£x-4-10 — — 
m—_ pet—_—  — 


It conſiſts, as you fee, of two parts, the one is aphane divi- 
ded equally agcordingto. the 24 hours af 'the day, and each 
hour into quarters or res, as the plane will bear : the line 
from the center to X I I , ſtands for the mexican aud:X 11, 
ſands for ghe hour of 12 at midnight. The other parc -is:2 
rundle for ach ſtars as are near the North-pole,t ? with 
the 12 moneths, and the dayes of each mongth to the 
rightaſcenſion of the ſtars. Thoſe chat hayc.occahonto. (ce 
the Sourh-pole, may do the like fas the Sauthern cooſtella- 

t10NS 


of Fane gaps the Sphere, 63 
pas hi the back of this plane, and 


the lzokapea 
ſruion fork n_— the A will 


rions, at 


hag gens I wor 
a Thenleef noftureal iccalie and ready. For look 


Fandero hee ou 


_ fo rundleto che 
3 The > ns may te pr projected i in plane by circular lines, as 
in the 20: ky rolabe of Jobs Saphbrma, by help of the 


ran 4245 before. 
let the circle given repreſent thetropique of v8, let it be 


1 

divided incofour cos, == with 4C 
the cquinoQial rand M fs the OO _ 
neral meridian 7 pon the pole of 
world. Leteach mere di Into.g0 Lan and ſo 

xs Sexe adobe The me- 
i fy wg Soaps arfin Rags ky or pk ag = 
pique Gay. being _ Fe wry eg nr 


egrees 30 win, 
4o ſhall be divided into go wr target 


fue fort as the nt of 56 degrees 45 min. on the 

Seftor is divided OO and halt | ppg which\f £ 
the ark of evan 90 greet erin ad 

by the cangent of 45 r- And porn 

rropique 66 ws » JO from-rhe 

the tangent 4.15 win, A 

the cearer P t EK and $;ftiall 

Summer trop 


Having oi que or and both rhe cropi ues, che ect 
N YoOrD be drawn from the one = cqtrin 
the inverſe&ion of the - and 


_ And it 1 be diviehd fi 
this manner: Þ E 
30 win, from the pole of the 


wp It EE 45 min, TE 


66 
Thent 
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hrongh Ddra 

w an ocevlr 
divide iton each fide from Dy 
divided on the fide of the SeQor, "aMowi 
qualto'DE, 'ſo the thirtiech 
hand, ſhall be the center of t 
through ES and me, The fixcicth degree, the ceacer ob E's. 
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Howing 45 degr degree: tO op 
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towards the left hand, the center of x E 
intermedi» 


me Lopnte aps moths 2 
we have reſpec unto the Jarirude,we may (the Me- 
g before divided)oom it fro P Northward un» 
ro H,& there place the North interſe&ion of the meridian and 
horizons then the complement ct the latitude being nombred 
from P Sourhward unto Z, ſhall there give the zenith ; 

go degr. from Z Southward unto F, ſhall there give the South 
intexſeion of the meridian and horizon-T he miadlc berween 
Favod H ſhall be G the center cf the horizon v H a F, paſ- 
ſing through the beginning of and ©, unleſs there be ſome 
lormer crrour. 

All parallels tothe horizon may be found in like ſort by 
their interſefions with the meridian, and the middle be- 
tween thoſe interſcRions is alwayes the center. ; 

The azimuths may be drawn asthe circles of longitude 
were before. For the circle of the firſt vertical Y Z = willbe 
found at I (fomewhat near unto B) by the tangent of the la- 
titnde. And if through 1 we draw an occult line parallel to 
AC, avd divide-it on each fide from I, in ſuch fort as the 
ratigent is divided on the fide of the Sefor, allowing 45 egy: 
ro be equal to L Z, theſe diviſions ſhall be the center, and 
diſtance from theſe diviſions unro Z, ſhall be the (emidiami- 
ters whereon to deſcribe the reſt ofthe Azimurhs., 

., Some uſer of (kiz projeBion. 

For example of this projetion, fer © the place of the Sun 
. eqader 10 degr. of v5 : aright line drawn from Þ thrangh 
thi pplace unto the equator, ſhal there ſhew his rightaſcenſion 
Y K,and his declination K ©. Then may we on the center P 
and ſemjdiamiter © P, draw an occult patallel of declination, 
cro s the horizon in L M,the metidian inG and N. Sothe 
right lines Þ L and P M produced, ſhall ſhew therime of the 
Suns rjfing and ſerting, V Qrhe difference of aſcenſion, R. 
the difference of ceſcenfion, Y L the amplitude of riſing, and 
= M the amplitude of his ſetting, LN M ſheweth the length 
of the gh Z G ſhewerh his diſtance from the zenith at 
noon, his oy a4 below the Horizon at midnight., 
And then having the alcitude of the'Sun ar any time of the 


the interſeion of the parallel of altitude. with the alle 
of declination, ſheweth the : "dr 


ce Azimuth, and a right lac drawn 
"I: trom 


mites __ aw gs 


the manner of Eh 7 
he SeTor. 


che bog rays 
he Ceci _ repreſent the plane of the hori- 
201 , letirb: divided inty Tiers Es ed at right an- 
glcs with S N'ch* meridian,and EF the vertical; fo as $ may 
and for the South, N for the North, E tor the Eaft,YtheWelt 
art of the horizon, and the center Z repreſent alſo rhe zenith, 
cach quarter of the horizon bedivided into 94 s, and 
ſo the whole into 360 degrees beginning trom N and ſerting to 
the numbers of to 2 0,2c,&c.90 atE, 180 atS, 270 at F,360 uy. 
The (cmidiamerer Z N,Z S, may be divided accordi 
the tangoatot half cheir arks: +(2 as the ark from the zeni -. 
the horizon being and the balfark gs gr. thc (cmi- 
diametersare robe dividelin ſuch {ortasrhe __ of SUL 
as was ſhewed before inthe achotch 
Z wb, cw of ink throngh c views chey fall 


degrees 30 mw. war wchens po the 
ofthe meridian andthe Sora rop From 


RD 


$is alwaycs the center. 

] may he heredaarra age Aglczarhs 
projection. For the center of EP Y , 

be foand at B,( ſomewhat acar udro N Jn 


£23 degrees, ſou he halhe &, the fo a of the 
che other iatermediate one: Th Sond yn by 
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75 Of the projetfien of the Syhere- 

The &liptique may be drawn as the equator. For the cen. 
ter of that f which hath Southern declioation, ſhall be gi. ' 
venby the rangent of the altitude, which the Sun bath in his 
entrance into vs. Andthe cenger of the other half, by the 
rangent of his altirude, at his entrance into g, and it may be 
divided, as ia the former projetion, orclſe by tables - 
lated torhat purpoſe . 

To theſe circles thus drawn, if: we ſhall add the moneths of 
the year, and thedays of each moneth, as we may well do, at 
the horizon, on cither ſide between the tropiques ; this pro- 
j<tion ſhall be firted for the moſt uſeful concluſions of the 
G)obe, as by examples following may appear, 

' Some uſes of this Projefttion, 

For the day of the moneth being given, the parallel that 

ooteth o!1 it-doth ſh:w what declination the Sun bath at 
that time of the ycar. And where this parallel crcfleth the 
ecliptique, there is the place of the Sun, Or the place of the 
Sun being firſt given, the parallel which crofleth it, ſhall at 
the. horizon ſhew the day of the monerh. Either of theſe then 
being given, or onely the parallel ot declination, we may 
tollow it firſt unto the horizon, therethe diſtance of the end 
of the parallci trom E or V, ſheweth the amwplicude ; the ſame 
among the hour-circles ſhewerth the time, when the Sun ri- 
(ethor ſetteth- Then having the altitude of the Sun at any 
time of the day, the interſetionof the parallel of declinati- 
on with the parallel of altirude ſheweth the hour of the day; 
and a right line drawa from £2, though this imerſe&ion to 
the horizon, giveth the Azimuth. ; | 

Thus in eiherot theſe projuttions, that which is otherwiſe 
moſt troubleſome, is calily done by the help of the tangenc 
line, and what I have ſaid of this line, the ſame may be 
wrought by ſcale and numbers our of the table of ta 
EC Note, chat if+ #60" any of theſe three laft projefiions, there be 
-  added;an index equal to the ſexnrdiamiter of the erxcle to move npon 

the cemter of (the projeti:on, and the fiducial edge thereof divided 
| leandigps thetangens of half arkythe ſwnidarwiters need nor by 
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TN all L Friangnes there be: 


fix parts) VIZ, 
— and three ſides any 
hſ of them being given, 
the reſt be tovnad by the 
Seftor. 


+4 ppcar by the 
- 6 gy” , wherein 


- Of the Reſolurtor of rigt-lined Triang'ts. 
| CHAP: IV: 
of the reſolution of right-lined Tridng'es, 


| 


Ina Reft angled Triangle, 
x To finds the baſe, both ſides being given. Cond 


———  — 


Ang: Gre M. S, Lin. Parts. 
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16 15 36j}FG - 28 
D 36 52 12]CE 21 
B .. 36 53 ta[CD =: 35 
B 143 7 43]CB 35 
AFG 73; 44 121AG 96 
ACE 73 44 13] dE 72 


ACB 20 36 36] AB aq 
BCE 53 7 $413D 238 
_-» i { Wb $140 28 


2 opened in the liae of lixes to a righe. a 
wed Cap. 2» Prop.7.) then take gh x 
and lay them, one on one live, the other on the 
as ney mee. inthe center, and mark how far 
tall be the lize taken from the terms of their exten» 

A heb ale required, viz. | the fide oppoſite to the 


Or 


denote Mags 1 
of the two ſides (as in 
of Prop. Win fm oo 2 nathe ſide of the com 


Baſe. 
be EN de ho flour che ; 
&-., ir were required to find the baſe (ubtending tbe 


ri ng. inet Liner to a right ang wore ying he 
whole line of 6 ierde one Henen Todd c 


if he greater of two lines given be leſsthen the line of Lives, 
I cake the greater of them «AE, and transfer it with the 
compaſlles into one of the lines of liner, and find, ' that, wy = 
Seftor (which is 14 inches lot. and fo, the toe of Leven 
erto'51g, 

i er. 


met? 7 inches ir reacheth from the center 
[ «the leflerlineCE, a 


3 ne of Lizes, and nfid,. that it reatherh from the cener 
w: » Spas o = 1 rake the diſtance from 151 unco 918, 
20d ſack boy ow of the Bale A'© 


Uther of the I ny yen be too large Selbor, theh 
I may mcafere them by tecr or inches, as ſuppoſe 1 find the - 
length of <A E to be about 720, CS; 210, Then, inthe 
line of Lives (being ſer, one icular to the ether, as be» 
fore) I extend the Compaſſes 210Unto 720; and mea- 
ſoring this extent in the lune of Finer, | nite 77 mans 

whereferc I prick down 759 parts inthe line A C 
ſame ſcale by which I meaſured 4 Z,andCE, So, this line 
A C ſhall be the Baſe required. 

+ ongg by the line of Sper I need no 9pening of 
the Seftor. Thr, raking the line E with my eompaſſes, and 
i near 3 itin the line of Super ficie; upon my Seth 41 find 

ar 3 
inget he line A E, I find itto be about __ Theſe 
> ad 


her make 29h and this as 
Jengch of che baſe FC required ry Me 
2 Tofudihe baſe, w_ ao end ons ofelo Phagioen, | 


Take the fide it ine the paraſlineof his 
—_— : 
on Oe pork RO are incl 0. 


po 


PE | 


| Of the Reſolution of right-lined Triangles: #73 
ſite to anangleof 73 gr-45, and it were required to find the 


[- | 
Firſt, I take the fide A E with my compaſlcs, andfer it over 
in the fines of 73 £7-45, So, theparalle] racius caken from be» 

wween 90 and go, wil ivethe Baſe AC required. 

If the fide given be {och as cannot well be fitted over inthe 
ſines of his oppoſite argle, Imay meaſure it by tcet or inches, 
and ſuppoſe 1 find thelengrh of A Eto be 720, then would 1 
take 720 partsout of the line of lines, and make it a parallel 
Sine of 73 gr7.45+ So, the parallel Radiustaken from berween 

oand go, and meaſured in the line of /mes will be found to 
Coabort 750 parts: Wherefore, 1prick down 750 in the line 
AC, bythe ſame ſcale, whereby 1 meafurcd AE : and this 
line A Chall be the Baſe required. 


3. T's find « fide by having the baſe andthe other fide givens 


Let the SeRtor be opened inthe lines of lines to a right apy 
gle, andthe fide given laid on one of thoſe linesfrom the cen+ 
ter: then take the baſe with a pair of compaſles, and ſetting 
one foot in the term of the given ſide, turn the other to the 
line of the SeQtor, and it ſhall there ſhew the fide re- 
quired. --- | 

Or take the ſquare of the ſide out of the ſquare of the bale 

(5316 Prop. thx and the fide of the remaining ſquare 

bethe (Mere vired. 


j 
- Thus having A C for the Baſe, and CE, forthe fide of « 
angle tl the other ſide will be found to be A E. 

© Or,it AC, being meafured;be 750, and C E, 210, the other 
GideA E will be found to be 920, * 


4 To find a fide having the baſe, and the angles giver, 


kn yy iven, and - we 2 panel —_—_ node 
parallel Snes of the angles;ſhall be t —_—_— es required. 

Thus in the R An AEC,it AC be made k pvaliet 
Radius, the paralle} fine of 73 gr. 45, will-give the fide A E; 
ang the parallel ſine of wo will givethe other ſide GE 
Ins | "To 


Ja Ofthe Reſolution of right-linad Treanyler. 
5 To find'a ſide by having the other fide and the angles given, _ 


Take the fide given,and turn it into his parallel fm of by 

oppoſite angle: ſo the paralte} finc of the complement ſh 

be the fide required; ' - | 1 
Thus in the Retangle DEC, if C E be made a-parallel 

fine of 57 gy, 8m. the parallel finc of 36 gr. 52 wv. will giver 

6deE D; atid the parallcl fineof go gr, will give the Baſe CD, 


6 To find the angler by baving the baſe and one of the fider given,” 


Firſt, take out the baſe given, and laying iron both (ides 
of the Se&1r, (o as oy dh meet .in the center « and mark 
how far it extendeth. Then take. ourrhe lateral Radius, 3nd . 
tO it open the Seftor in terms of the baſe. This done, 3aKc gur. 
the ſide given, and place it alfo on the ſame lines of the Seftor 
from the center, For the parallel taken in the terms of this 
fide, ſhall be the fine of his oppoſite angle. , 

Or takethe baſe given; and make it a paralle] Radius þ Hen 
rake the lide-piven,and carry it parallel to the baſe, till it ay in 
like #xe: ; { &all give the quantity fu | ite ang 

anche colongs ABS hay Baſe A C,andtt 
Bdc AE, youmay the angle AE, to be 16 gr. 15 mw. . 
| ..7 To findthe angles by having both the ſider given. 


Take our, zhe.greater Age and lay iton both ſites of the 
Seitor, fo as Rh meet in — Rong, and tk how it.cx- 
rendleth. hr oma oohep de, 2050 | they 
in the cerms of 'the greater fide; ſo the patai Bag fos ſha 
be the rangear af the lefler angle. The Hite? igſe,'s alwates 
known by the'complemenrt. 

Thus inthe Reangle D EC, having the fides C E, andE 
D. you may find the lefler angle ECD to be 36 gr. 52 m. and 
ehcrefore the orher angleE D © ro tbe 53. 8mm. 


8 Thy Redne bing nnte fd he cogent, 
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9 Thotavgent of any wrk. anion ven, (9 find 
+ hea nd, Ragens 


: 
, 


| 3 | 
20 The ſconntof any ark being given, to find , 
the _ theriff, and he mp Thc 


Of rhe Re/olution of right-lined Triangles. 93 

-Anpent; and the ſecant , together wich the Radius of 
A bs make a right angle triangle ; whole fidesare 
the Radins and tangent, andthe baſe alwaieSthe ſecazt ; and the 
angles alwaics known by 1caſon of the given arks. As in the 

| AEC\if on the center A,, and ſemidiameter A.E, 

ou deſcribe a circle, then make A E, to be the Radivs,, aud 

C,atangent of 16.15and A Caſccant of. 16gr,15 w. 

It you deſcribe a circle on the center C, and {cmidiameter 
CE; thenis C E the Radius and E Aza tangent of 73 gr 445 w: 
andC Aa ſecantof 73+ 45- ; 

Wherefore the ſolution is the ſame with choſe before. 
F [n any right-lined triangle whatſoever. 
11 To find a /ide by knowing the other two ſides, 
and the angle contained by them, > 
Let the Se&or be opencd in the lines of {ines to the angle 
iven as I ſhewcd: before , cap. 2- Prep. 7, Then take our the 
lides of the triangle, and layi bg them the one on the one line, 
the other on the ather , ſo as they meet in the center, mark 
how far they exrend. For the line taken between the terms of 
their extenſ1on, ſhall be the third fide required. 

Asit ACand A Þ weretwo fides of a right lined triaogle 
rontaining an angle of 16 gr..16 wv, and it were required, ta 
find che third fade ſubrending this angle. 

Firſt I fet the lines to ag angle of 16. 16 mw. by applyingthe 
ſine of 8 gr- 8 w. over in the points of 5o and 50, inthe live 
lines. Thatdone,, Irakethe longer line AD, and transte it 
with-niy-compalles, into one of the lines of /wmes , and find it ty 
reach from the center to 720, 

Again, Itakethe lefler line AC, and transfer it into the 
other line of lines, where it reacheth from the center ro 540, 
wherefore, 1 rake the diftance from 546 ro 7 20;and ſuch'is the 
length of the 3 {ide C D required, | wY 

'Or(if the lines ev hy in meaſure) AD 100, and A C Se 
Iextend-rthetompaſies from too to 75 , and meaſoring this 
EXtent, in the give of lmes, hnd tobe 35; Wherevpoh | i, 3 
parts opt of the fcake, by which A C, and 4 D were meaſured, 
As them dowir ifr the line CD. Sv, rhisline CD, 

berke third (felt required. 
\- K 2 I2 To 
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12 To finda fide by baving the ther tw3 de 4nd one of the adja» 

cont angles, ſo it be known which of the other angles i1_ acute or 
ve. 


oblig p 


Let the Seftor be opened in the line of Hines ro the 20s 
given, and the adjacenr ſide 1xid on one ofthoſe lines from 
center; then take the other ſide with a pair of compaſles., and 
ſerting one foot in the term of the former given ſide', turn the 
other ro the other line of the Seftor waich here repreſenterh 
the ſide required, and ir ſhall croſs ir in ewo-places ; but with 
which of them.is the cerm of the (ide required, maſt be judged: 
by che angle. ; 

As it io the triangle following ch: ſide A-C bring given, 

and the fide C Dand che angle > AD rs gr- 16 w. it were re- 
quired to find the (ide A D. 
- Firſt | open the Settor in the line of /ives ro an angle of 16 gr. 
16. a"dlaying the adjacent (ide from the center A. find 
where it exrtendeth in C. Thea I rake the other (ide C D with 
the compaſles,and (ctting on? foor in C , and turning the 0« 
ther ro che other line of the S-#o7, I find that ir doch croſs it 
bath in Band D 

Or, (if the linesbe given in meaſure) AC 75,and CD35; 
Imay take 35 ourof . + line of lines, andſerciag one foot in 
[5 all find the other to.zt tocroſs the other line of che Seftor; 
AD) 44 (aalwerab: to. AB) and at 109 ( anſwerableto 

Sothatit is uncertain whether the (ide required be A Bor 
AD, onely it my bz juiged by the angle For if the inward 
angle where they croſs be obtuſe, the (i 
if it he acute, it is the greater: 


I;.To find « fide by having the angles, and one of the at her fodes 
iv #®. 
akethe ſide given, anJcurn itiato the parallel fine of his 
oppoiieangle; oche parallel fines of ch2 other aagle ſhall be 
c olite {1des required. 


Asioche triangle A B C,haviag the ſid: A D, and know- 
ing the angle C 48co b2 16. gr. 16 wand the angle £ B Co 
Muggn w. it were require 1, ro find the two other lides, 10 


ce required isthe leſter 


| 


. RS . &. 


: ” 
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The three"angles of a righr-lincd Triangle, arc alwayes 
equal to 1 $5 gy. wherefore, 1 adde 16 gr. 16 w..unty 143. gr. 
$ #9. and by the remainderto 180 yr, finde the rhird 'arigle 
A CB oppoſit- tothe known fide 4 Byo bs 10 gr.36 m, T hen, 
I take the (ide A 3, ani make it a parallel fins of 20 gr. 36 w. 

So, his parallel fine of 16,16 »v, will be the fide B C;and the 
parallel ſine-ot 143.8 #7 will be the fide A C. 

Oc, if meaſuring the ſide A Byl find it ro be 443 1 may take 
-44 parts, cither our of the line of liner, or ouc of any other 
{cale ot equal parts, and make it a parallel (inc,ot 20 gr. 36 m. 
So his dealled fine of 16 gr. 16 »», meaſured in the ſame ſcale, 
will give 35 for the length of the fide BC - and the parallel 
oy or gy. 52 w. will give 75, for the length of the other 

E . 

Whea the angle comes to be above 93 gr- the ſine of $0 gr. 
doth ſtand for a fine of 160gr. andthe fine of 70gr. for a fine 
ot ttogr. and(o the reſt ; 6 thoſe, which are their comple- 
menrs to 180 gr. 


14 To find the proportion of the fide by having the three angles, 


Take the lateral fines of the angits, and meaſure them in 
the lint of lines. For the aumbers belonging to thoſe lines do 
give the proportion of the ſides. ; 

Thus, 1n che ewo equi-angle triangles 4 £ C, A GF, if you 
take the lateral fine of 90g. for the right angle at Eand G, 
and meaſure it in the line of /ines, you ſhall find ir to be 160. 
: Thea take the lateral fine of 16 gr, 16 wv. for the common an - 
gle at A, youſhall find it co be 28. Take the lateral ſine of 73 

r. 44 w. Forthe third angle at C and F, you ſhall find it co 

96 Such-therefore is the proportion of the ſides. 

As 100,95,28. Soarc 75, 72,21- 


15 To fiud an angle by knowing the Three ſides, 


Let the two containing fides be laid onthe lines ofthe Se- 
or, from the center, 'one on one line, and the other on the 
other ; and ler che third fide, which is oagune ,to the angle 
required, b2 fitted qyer in their terms, . ſo thall-the Sefor be 0- 
peacd in thoſe lines to the quantity of theangle — 

7 C 
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The quantity of this angle is found as in C4p.2 Prop. 8, Thus 
havingrthe pſides of rhe triangle A CD, - to find the angle ar 
A, I take the 2 containing ſides A-D, AC, andctransfcr them 
with my compaſles into the line of Lizes : where I find the 
one toreach from the center.to 52; theother, to 54, 

Then Irtake C D, (the (ide oppoſite to the angle at A, )and 
ſer that over between 72and 54. 

Or if the 3 fides be given in meaſure AD, 103;AC 75: 
CD35: 1 might take 35 for the fide C D out of the line of 
Liner, and (ctthat over from 100to 75- This done I take the 
diſtance herween 5oand 50 and meaſuring-it i the line of 
Sive: | find-itto be abour 8 gr. 8 m. the double whereot is 16 gr. 
16 the angle required, 


16 To find an angle by having two fider,and ont adjacent angle. 


Firſt rake out the ſide oppobite to the angle given, ang lay- 
in it on both ſides of the SeQor, ſoasthey meet in the center, 
mark how. far itextendeth ; then take out the lateral ſine of 
the angle; ant ro ir open the Seor inthe rerms of the firit 
ſide: this done-take ourthe other fidegiven andplace itallo 
onthe ſame dines of the Se&or-/from the center, forthe 'pa- 
rallels taken inthe rerms of this ſide ;fhall be the {fine of the 
aq_—__——_— ro the-fecond. fide; - P24 ts 

take out the ſide oppoſite to the angle given, and 
it a parallel fine of thatangle : then rakerhe other ſide-given 
and carry it parallel ro the tormer : rill-ir tay: in like tines: 
w_ that give the quanary of the angle oppoſite tothe (e- 
K "Fig __ | 

Thus in theitriangle A'CD, knowing wo fides AC; CD 
with the angle C A D oppofirero 1deCD, you may find 
the angle A D C appolite to the other known ſide AC, to be 
- about 36 gr.z2 m, | 


17 To find as wiglt by Ydwhig wo fies, and the duglt canained 
bbs So 


FirſtEndtheabied fideby- the x2 Prop, and then theangles 
a_—_ ad bythe 15 or 16. 'Prop 
- r c 


ryation of angles, the Seltor may have fights ſer = 
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the moveable foot : ſo that {by Jlooking through them, the 
«does of the Seftor may be applied tothe fjd&59t the angle, 
For meaſuring of rheſitle of lefler trign». —— 
ples, any ſcale may \vfhice, either of tcer, Link (RP, 
or inches, or leſſer parts  But-for greater | 100000| 4 ©-. 
triangles, eſpecially . for plottiag . of, | 90009} [3 4 
grounds, I hold irfit to uſca chainob four: | 80951, 3/8, 
perches in length, each perch divided into | 70004 3 72 | 
25, and the whole chain an hundred Jinks, '|- 6000912. |16 | 
wherein, it the whole chain be (according | coo mY" © 


ro 16 £ foot in a pefch) 66 foot (that is 792 : 
_ each (ſeveral link will be 7 "a 5 3ooor y- 
and 2:5 20: | 
It { according to 18.- inthe perch ) the os : | - 
whole chain be 72 feet in length ( thar is, LE. — | 
864 inches) then each ſeycral link will be 9373] 2 jt5 
$ inches and £2... 8750} © [14 
For forthe length being mulciplied into 03251 © {03 
the breadth, thefive laſt figures givethe 3p £22 
content in roods and perches by this Table; | _ 687 5 B 414. 
the other figures toward the lefr hand, do | 6250] © [10 
ſhew the numbec of acres direfly. e6as|0 | 9 
As in a long ſquare, where the length is gcoo| o | 8 
24 chains + the breadth'1z, chains 5 the 4375]0 | 7 
uſual way is, to reſolve the chains into | 3750] © | 6 
perches: $61he langth is 97 perches and .| 3125 @ | 5 
the breadth 54 pceches. Theſe multiplied: { 4500) 1 4 
one into-the.pther! take 5238 ſquare r875/: 0-3 
- perches, ant thoſe (divided by 160}: give? | «x #velig | 3 
- 3a.) Acres;:> £00d3,'and 38 perches tor the j' "64/0 4 


Racoakos batch uebe len | 

-"1i ckomng by chains and linkesghe length is 24 ch.2 5 tis, 
the bredtha 3.46: 5a/nks}, Theſe makiplied.p1c inco chborher 
make 22.73750ſquarc:lioks, Then, contipgatithes laſba- 
gbres,I-find 33. 2rres 73750-/im, Cuch as an; zo0oco! do, 1iake 
an acre, 'Of which gonco arc: to tworroods 32 petches : 
antes equples-cpems s more ( as appeareth, by 
; «)So, the whole content 15 3 2-Acres, 274 8 per- 
ches a$'before:' | ' [i YN RCTS HAD, 


% 
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| CHAP. V. | 
Of the reſolution of Spherical Triangles. 
Or our pra&iſe in ſpherical triangles, let A be the equino- 


- tial point, A B anatk of the ecliptique repreſenting the 
jongirude of the Sun in the beginning of &, Bean ark of che 


declination from the Sun to the tor» and A Canarkotf 
the equator repreſenting the right aſcenſion, 
B 
cg \N 
by 
o 
0 18 
* 
| 
<2 3-30 wy 
17 > pA: FTE 
D . 44-57 0 


LetB D be an ark of the horizon repreſenting the amplitude 
of the Suns riſing from the Eaſt, and BE an ark of the horizon - 
for bis ſetting ſrom the” Weſt : ſo DC ſhall be the difference 
of aſcenſion,and C E the difterence of defcenſion ; AD the 
oblique aſcenſion,/and AE the oblique deſccofionof the ſame 
place ofthe Sun in onr latitude at Oxford of af ___ whoſe / 
complement 38 gr. 15 w- is the atE « Thetrian- 
gles AC B,DC BEE Bare inC :the other 4 D B, 
-«AE B, conſiſt every way of eps eng C. | 
eo pan 

P 5 repretent The zenith poic a J8 gr. 30m, 
the lement of the latitude, P S 70 gr. tht _ Gs tof 


-the Geckinatiog, and'Z$ 4ogr: the complement of the Suns al- 
.tixude, The angle at Z 


ſhew the azimuth; and the angie 
at 
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y 


*  # " 

at Þ, the hour of the day from the treridian. Then if from Z 
toP S we let down aperpendicurlar ZR, we ſhallreduce the 
oblique triangle into two reftangle triangles ZRP, ZRS, 
Or it from Sto ZP weletdowna ngicular $ M,we ſhall 
reduce the ſame Z P Sinto1wo other triangles, SM Z,SMP, 
retangled.at M : whatſceveris ſaid of any of theſc triapgles, 
theſatre ho!deth for all other triangles inthe like caſes. 

Far the 1efolvtion of.cach cf the{e,, there beſcveral waies. 
Tonely chuſe rEofc which are fitteſt for the 8:#er, wherein if 
that be remembred which before is ſkewed in the geteraluſe * 
of the Scfor \copcerning- Jateral-ard parallelentrance it may 
ſuffice onely to ſet downthe propoplition of the thrte 
giyen to the fourth required,and ſofhew firſt by the FaerFlote. | 


In a rittaigled triangle. 


1 To find « fide by knowing the baſe, and the.argie 
» . ', oppoſpte ro. the required fide, , 
As the Radius | 
- c $5 tothe fine of the baſe: 
Sothe fine ot the orpofite argle 
- + tothe ſine of the fide required. L A 
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"Fa * in 1 ang/ed Triangles, yr As in the retan le ACB, havin 
a _ 'bere#- the baſe A'B, the place of the Sun 30 7 
CPL M*. fromthe Equinottial point,/and the an- 
gle BACof23 gr.zo mw. the greateſt de@ination, it it were re- * 
quired ro find the fide B C the declination of the Sun. 

Take efther the lateral fine of 20 gr. 30 w. and make it a pa- 
ralle] Radivs;ſothe parallel {ine of 30 gy taken aud meaſured 
inthe fide of the Seer, ſhall give the ide required 11 gr.z0 mw. 
Or cake the [inc of 30 gr. and make it a parallel Racius ; ſo the 

rallel fine of 23 gr. 30 ww, taken and mecatured in the lateral 
ines, ſhall be 11 gr-30 m.as betore, 

Son the triangle Z P S, having Z P 38 gr-30m. and the an- 
gle P31 gr.z4m- given, we ſhall the perpendicvlar ZR 
tberggry. 1m. or haviogPS 70 gr. and the faidangle Þ ;z2 

£"- 74». given, we may tind the perpendicular S M4 tobe 29 


£”» g 8 mn. - 
2 To finds fide by knowing the baſe and the other fide, 


Asthe ſine of .the complement of the (ide given 
is tothe Radius: 
So the ſine of the complementoof the baſe 
to the (inc of the complement ot the (ide required. 


So in the retangle A C B,having AB 3ogr-and BC 11 gr. 
30 m given, the(ide A C will betound 27 gr-54 mm. 

Or inthe reQanglc Z RP, baving Z Þ 38 gr-30w.andzZR 
29gr-1 ».given,thc (1dc RP will be 1ound 34 gr.7 w. 


3, To find a fide by knowing the two eb/ique anglcr; 


” * 
Asthe fine of either angle 
ro the line of the complement of the other angle: 
So is the Radius ITY 
to the fine of the complement of the fide oppoſite to the- 
ſecond angle. | | 
wits ar jy op 11s iy win, > Aeon wly eo le | 
23 gr.30w.and A C B,for the ſecond 69 gr. 22 w, the ſide aA C 
will be found 27gr. 54m, Or making «A 8 C the firſt angle, . | 
and C A Brhe ſecond, the ſide BC will be tound gn geek, 
4. Ls 


V— EI” 


Of the R:ſalution of ſpherieal Triangles. 
4 To find the baſe by kfowiry beth the ſider- 


As the Radius Ph 
Is the lineof the complement of the one (ide: 


$o the ſine of the complement of the othey ſide, - 
to the ſine of the complement of the bale required. 


So inthe betanges ACBhaving A GC 27gr. 54m. and BC 
11 gr-30'm. the baſe A B will be found 3o gr- 


5 To find the baſe by knowing the one fidegand the angle oppiſite to that 
ſoar, 

As the fine of the angle given, 

tothe fine of the ide given: 
So is the Radius 
tothe fine of the baſe required. ; 

Sointhe retangle B CD, knowing the [atitude and the 
declination, we may find the amplituac ; as haviag B C the 
fide of the declinatiori 11 gr. 3099, and B DC the angle of 
the complement of che Leade ;3$gr. 15 w. the baſe BD 
which is the amplicude, will be found to be 18 gr.47 w. 


6 To find an angle by the other oblique angle, and the fde re 
S { ribons rh gue angie, has oppofs 
As the Radius * 
ro the {ine of the complement of the ſiJe : . 
So the fine of the angle given, . 
to the (ine of the complement of the angle required. 
So inthe reftangle A CB, having Ra BAC 23 gr.30 


_ w,andtheſide AC 27 gr.54 w- the angle A BC will be found 


69 gr.21 w, 


7 To find an angle by the other obl « 
CEEIS eo ale dog out, eter Se 


As the {ine ofthe complement of the (ide 


tO the fine of the complement of the angle given: 
SO is. the radius I 


tothe ſine of the angle required. ' 
2 
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Sojn the retangle A CB having BAC 23 gr. 30m. and 
BC r1 gr, 30. the angle A BC will be found 6g gr: 21 «s, 


8 To find an angle by the baſe, and the ſide 
* « #ppeite to the inquired angle, 


As the (ihe of the baſe 
is t0 the Radius. 
So the ſine of the ſide 
to the (inc of the angle: required, | | 
So in ttereftangle BCD, having BD 18 py. 47 #, and BC 
11 gr. 30m, theangle BDC will be found 38 gr. 15 w., 
heſe eight Propoſitions have been wrought by the fuer 
alone ; choſe which follow require joynt help of the raxgere. 
And foraſmuch as the cengenr could not well be extended 
beyond 63 £430 m. I ſhall ſer dowi rwo wayes for the reſoluti- 
on of each Propoſition z theone will ot hold; the other may. | 
9 To find # ſider, by having the other fide and the + 
I oppoſite to he inquired fide, 
1 As the Radius 


to the ſine. of the ſide given t 
So the rangent of the angle, 


tothe tangent of che {1de required. 


* Asthe ſine of the ſide given, 
is cothe Radius: —_ | 
So the tangent of the completnentof Regs on: 
cothe! of the complement of the (1de required, - 
Sointhe Re leA C8, haying che ſide A © 27.7, 549% 
and the angleB X C 23 gy. 30 1p. theſide BC will be 4 13. 


bog I 40 ZO mW, ; A 
""Wio Ts find 4 fide, by having the other fide, andthe 
angle next the inquired fide. 
Asthe tangent of the angle 
to the tangent of a 
So is the Radius | 
to the ſine of the (ide required. 


ey "_ 
& «*2, 


2 As 


mu acer ER, 
of the complement of! de, 
: A nt of the complement of the angle : 
So is the Radius ; 
to the ſine of the (ide required. 7 
This and thelike , where the pangenc ſtanderh in the firſt 
. place, arc beſt wrotight by parallel entrance. - And: ſo in the 
reQAanbleB C D;baving B C rhefide of derlination 11 gr. 30 m. 
and B D C the angle obthe complemenrof the latitude 38 pr, 
r 5 w. the ſide D C, which isthe aſcenſional difference, will be 
found 14 gr. 57%. | 
By cheaſcendond] difference is given the'time of 'the Suns 
riſing and ſetting, and-length- of 'the day ;' allawing ay hour | 
for cach 15 gr. and 4 minutes of times for cachſeycral degree. 
As in theexample,the difference between the Suns aſcenſion in 
a right ſphere, which is alwaics at.6 of, the clock, and. his a- 
ſcenſion in our latitude being 14,8. 57. w. .it ſhewerhiphax, clic 
Sun riſeth very near an' hour before 6, becaufe of rac, Nor- 
rhern. declination ; orafter' 6% it ehe2San' be deolſairig rothe 
Sourhwards | L1G 400 | v2 £1 
11 To find a fde by) the baſe; and the angle 
$99 next to the ea fide. : 
1 As theRadins: [31t pot ods 0s phott Srl bo ret 21 
ro theſincof the comp rot the angle eIQfra.* 
$othe tangent ofthobaſey 11 th * 
co the tangent pf the (ide required, 


2 Asthe ſine of the complement of the angle 
is tothe Radius * (904 WY3GP 207 19 204 
$80 is the tangent of cliecomplenyetie ofthe bafe;* , 
, tothe tangent ofthe complement of the ſide required. 

Soin the'reQtangle AE Br, knowing lie place of the. Sun 
from the' tiext equinoRial point, and the najcof his greateſt 
declination, we may firid his right aſcenſion : viz, the baſe A 
B30 andhe eB AC 23 prom being givenithe righe 
aſcenſionA C will be fatind- 29 gro5qm, * 


12 To fd jon baſe by kreming che ab ligns Auger 
As thethe tangent of the one angle BLEK 
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. Hong RE nr conpnnn of rhe other angle : 
o-ist 
to the ſine of : complement of the baſe. 


S$» in the reQangle ACB, haviogB AC 23 gr. 30m.and 
. AB C69gr. 16w, the baſc A B will be found 30gr. . 
13 To findthe baſe, by one of the fpdes and the an 1/7 
; fu ————— s 
1 As the Radius 
isro the {ine of the complement of the a 
Sothetangeat of the octplamentaſthe de, 
ra,the tangent of the complement of the baſc. 


2 As the —_W of the complement of the avgle 
isrot 

So the tangent ofthe Gde ven, 
to the rangent of the ecequired. 


Sojntheretites le ACB, havingAC 2 and BA 
C 23 gr- 30m. the AL SAC 2767 54m 


To Te find an angle by knowing beth the fidez, 


I AstheRa 
dmabe Rae of ths fade nent che lamueed « 


$o the tangent of the complement ar; wpeden = 6H 
to the tangent of the complemeat of the angle required 


2 As the ets of the {1de next the inquired angle, 


is tothe oye x 
So the tang: nt of the oppoſite fide, 
to the cangent of the = 4 
| Sointhe refang leACB 27 gr. 54m.2a0d BC 
36 mw,” the abplent A wlbefoun 64 hes and the, 
angle ce B69 gr- 21 avs 
15 To'find the angle by the baſe, and the fide adjacent 
to the required angle, 


I . ne > congens of the complement of the ſide, 
__— of the complement of the baſe, 
-Sof 1s =: Ry 
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tothe fine of the complement of the angle required. . 


2+ Asthetangentof the baſe, +» © 
rothe wr of the fide : 
Sois the ws, , 
eo the ſine of the complement of the angle required. 


Soin the reftangle B C D, havingthe baſe BD 15 $7-47 ”, 
and the fideBC rt gr. 30m, the angle D B C between them 
will be found 53gr.15 mw. 


16 To find an angle, by kpowing the «cher oblique angle, and the 


baſe. 


1 As the Radius,' 

the (ine of the complement of rhe baſe : 

o the tangent of the angle given, ; 
rothe tangent of the complement of the angle required. 


2 Asthe ſine of the complemgeut of the baſe, 
Pos es 4 » as 0 "WE. 
« $o the tangent of the complement of the angle given 
donned trange wadtas ni oy 


So in the yr yy 1 ACB, having the aogle at ff 23 gre 
30m». andthe baſc A B.30 gr. the angle AB Cwall be found 69 
$7.12 ww, | 

Theſe ſixteen caſes are gl that can fall ourin a reQangle 
triangle : thoſe which tollow dg hold. 


ln asy ſpherical triangle whuſorver. 


17 To find & fide oppoſite to ah ang le given, by knowing one fide, and 
t wo angles, whereof one is —__ = the given Fe the orher to the 
fe required. 


Asthe ſine of the angle oppoſite fo the ſide giggn> 
 Ktro the (ine of that ſide given ; oF . 

.$0 the (ine of the angle oppoſite tothe (ide required, 

te the {ine of the {ide required, 

_ So in thetriangle A B E, having the place of the Sunzthe las 
titude, and the greateſt declination, we may find the amplt- 


rades- 


T- 


ST ennaaes 
A .andABE38 
A Ee ah the ample, will found 30 ; 


£r-47 w. 


18 To find an angle oppoſite to 4 fide __;s having one and 1 
me flag after av aapdopts adiv ts gle 
| Jon 


Axtheſine ofche( ide oppolite to che angle given, 
"roche ie SE wd-yabes_e oat 5 ed, 

Sorhe {ine ofthe f1 Ke to requi 

co-the {. ae wfiche alight required. De 


So.inthe triangle Z P $, having nk me and Iaccde, 

and declination, we may find rhe hour of hed ay, As having 
PZS1;ogr.;zm:P870gr. and Z'S 40g ;rche ample ZÞ3 
which ſheweth hc hour Ce meridian fſhaltbe found 31 


£#1+34 mM. < 
19 To find an ale bj kajwtng the three Andes - | 
This propoſition js. moſt uſctul,. bur moſtdifficulr of allo- 4 
thers: at bike peo the Seer, yet may it be per- 4 
formed leveral aK 
and 5.531 
Pe bw nag; OI 
ro the difference —_ he verſed = of the baſe Ind Aide: | 
'$.i84he, | -'« © (renes of rhe fer: 


to a tourt ecaiehlts 


"Then asthe fine of the $Icarer, ide vexetie en. required, , 
is to that foorth ptoportipnal : 


4 
Q % Y #1 8 


$04s 
ro:the verſed ſine of the angle PRE 
So inthe Eg 6 PS, having _ fide P $, the. comple- | 


ment of t n= 
ment of the Aricude 38 gr Pg. et comp 
mear of. the gltirabiien ws 


hic Carve from cl 


Z P S will be found gr; 54m 
meridian: ; 
I baſe belag 4644rs S/ WE diffetench of the a” 


 coming{othe- ſecond. 


= 
—_  '% 


4 by -Imabe e) np 
fl 40 ramen ho. 


be Foto: This ices Te the x he lines.of 


Asthe Ginoof the greater ſide 


Of elm) af phrklTronge $9. 
Ko 64 and Re bet ing 31'gr- 30 the diflerence of 


Ne 2 the ſame with Jenlaner berweew 
ther neof 50 27; 8 $8gr.30 1, 1s Cnce I ta 
out, and make ira el ker fine of the lefler. ſide;38.gr430 w. 
ſo the parallel Radius will dy bucks RO porgign Then,” 
ration, 1 make this, fourth propor- 
tiohal 0,pa8a\Net etan greater (ide of 70 gr. © m, and take 
this para] this meaſured trom 99g”: tcward 
+4 ceater, Will Wore Oe] line of. 31. g7-; et 
+ In %} fart'i '1 the (ame triangle ZP ;baving the ſame 
comp ements given, the angle P ZS which'is t TIF ASIAN 
tram. the Nath prot the meridian, will þe_tound 120. gr. 
3 ». Forhere che bale opgoCre tothe avgle,required being 
70 7, and ghe difference of, the: (ides 33 oe 30.0... any & 
cing 1 gy. 30m, ane ereace of their ver diggs Wil he 0 : 


mg ita iraflet ſir thee 
parall; ap fo, be the 
_ coming, cot non opcratiun, 


fine of -rhegrearer 

pr Radius. For thismeaſi 

ond thecenter in the lines of faxes ſtretched 

agth;will be the'verſed Cnc o 130 97-3. TLA 
y thar 


2 {may fitid an angle by kno three ſides, 
which I have elſewhere ents emonfirnes upan Barth. Pitiſcns, 


and that a; ong.operation.in this IMAnner, | 


he of t ire tof th other (ids 
Eo ted SogRe xaadarewon of he complement of he baſs b re 
| andy he uk compoanet af the lef 

. oomyranery opioe grey the angle required, 


Soin the ſame triangle Z P S,” having the ſame comple- 
mens given," the angle at P, which ſheweth the hour from 


of the el fi ade, 


| the meridian; be 25 before, 31 gr.34m, 


&sbeing 38 gr-30m.and 70 gr-0 mw. Iraluthere- 
cant ape» 1 complement of 38 Ya 30 w. and make it ___ 


5 of the Reſolution of ſpherical Triangles 
le! ſine'8t 76 gy. ys SeQor at this 
fider that the complervent 


'38'ge- 4h 3 

alncude} will be 58 gr-30- and 

difference of fines of the en Fae, andthe 

ment of the baſe will te (as before, the diſtance berween the 

fines of 50 gr. and F8 gr-30 m0. Wherefore I rake our-this dif- 

ference, and lay ir on both the lines of S=es from the centers 

fo the taken in the terms of this diflerence, and mea- 

range Fr go-gr, towards the center, doth give the verſed 
ne 1 8r,34 0 

This of finding the-hour of the day might ocher- 
wilc have been 


ed in theſe rerms. 


Latitude 
the difference between the ſineofthe alinade propoſed, 
and the fine of the meridian Altitude. 
co the verſed ſine of the hour from rhe Meridian : 


Thenthe Latitude being: 51 gr. 399: the declination 20 gr, 
Nonthward, ahd the Aud, $0 Fri the work would bc- 
lame asbefore. 

The other angles PZ, PST, may be found jn he ſame 
ſort; buthaving theſides and ohe angles it will be ſooner 
doneby char which wetkewed before inthe x8 Bray. | 


20 To find dfde by knowing thr thre anxlis.” * 


If for the greater angle we take hiscor 
the angles bl be rarteg] d into ſides, and t 


and the. on ſhall fe the fare” as tarhe Prop. 
Asint erlangſe ZP'S, havingthe angle ZP $31 gr. 34 
m.ZYP3 would take the 


of .2 $99, 426 ry 3 by. [ would 
greater angleof 130 gr.3m;0ut of r$0 gr.and thete remains 49 
£7+57+ [ear odt o a tri of 3 0 fides, one of 31 


| 
Ne ang) wm one of ney ſides yt _— ry on 


$9 the angle "ch is thus found, w"_ wo lide mich 
is heze required 


wr 


of the Reſolution of ſpherical Triaag/ct. FR 
__ on To finds fide, by baving the #ther two ſides, and the auy'« conn: 
probended. | 


This propoſition being the converſe of the nineteench, maY 
be ons. he accordingly ; but the beſt way both for it and 
thoſe which follow, isto reſolve them into two re&angles, 
by letringdowa a perpendicular, as was ſhewed in the ficit 


Prop. 

"Gli the triangle Z PS, having Z P the complement of 
the latitude, and Þ S che complement of the declination, with 
Z PS the angloof the hour fromthe meridian, we my find 
Z Sthe complement of the altitude of the Sun, 


For having ler down the perpendicular Z. R by the firſt Prop. 
we bavye cvs triangles, Z 2 P, Z RS, both at fy 
'hen may v fide P R, eicher by the ,ovtcnth, 


withihis R 8and ZR we may find the baſe Z Sby the fourth 
rop, * — ſ £1153 5150 | 2-1 

Oy having le down the perpendicular. S Af, we haverwo 
reQtangle triangles $ MZ, SMP. Then may we find 48 P, 
from which if we take Z P, there remainerh BZ : bur with 
MZ and S M, we may find the baſe Z 5, 


22 To find a fd the other two idts, and one of the ans] 
PH  tenad gh, © ” fy als FTP 
Sd in the Z? Shaving Z P,the cotnyplenieot of the 


latitude, and P'S the complemecar ot the declination, with 
PZ 5 the angle of the azimuth, we may find Z Sthe comple- 
ment of the alticude of the Sun. if | 
For c having ZP, and the angie L L, mr $ Zprodu- 
ced, ler down «CN h we have two ret- 
angle triangles PV Z, PVS, whercin if we find the fides 
V Z, VS; and take the one our of the other, there will remain 
the (ide required Z S. | 
#3, To find: the fide, by having one fide, axd the two angles next the 
quired fide. - | 
So.jnſthe triangle ABD, baving A Brhe pl acc of the Sun, 
| M 2 and 


”. << 34a is ri. < 
EF" v q " 4 4 
- ” E 


$and SD #1 
m vemay ad <2 


Fatheyin | rd Icthey alar of ge 
we havet | triangles, 4CB,. DCE py 7 
we Rad AC © the right aſcenſion, ng DC the; 
ference;. and compating 7 one with the & eye en 
maineth 1 D.. 


24 To find 4 fide by having two "IFN and the "A inch) 


them. | 
fe (AZ Prem dehPs. Fork 
lr down the perpendican-Þ —_ | 


and BAD cheaogle of 
; of. rhe or with bel 


LEES _— pependiculan'P hays was ret 
= y ein rangi bf 
PS, the angle PS, Tat is VPS, and PV, we 
. ma the23 Prop; wynr{ ) 
2 Toba 26 Do arte nes pe : 
oſed by them 
MC n=ra) 'PS,] ngehe ſexat' and P wick | 
Ganges Zi perpendicular ZR we we have two _ 
Zks. pate may we MhdtrabgeP £ K37 
nos and that compared with Þ Z rp grad 
cgleRZS: whithisR ZSand ZR wermay find mes. 


required Z S R According! ro the ſixth TLCLY 


26 To fivid coabpls, by having the other two angle, We 
" fider next the ivquired argte. 


So in the triangle A BD, having the Vi at A LA god. D, 
with the ſide, B,we may find the angle A BU avi 
i* down the = BC, we Wd rb 


CB, DCB. Then ma we find theangles A BOD B CG, and 
take: D'B C. out of A B G.; for ſo there remaineth the ;apglc 
required A BD, 


27, To 


Co Haan. 93 
Lk angle, by eming ray ples, apd d the angle, oo ind 'by 
E 


the trian PS, having the 6desZ2.P, PS, wich th 

dnt res PZS: Fof 

having ler down-the por Wa mln Ve pe 

angles M2, SMP». MP, a ” 

ZP out of-MP.. Ce ak ——_— you: 

how po ca" icular MS, we may findrhe'angle WZ8, by 

rhe O_o x angle MZ $,caken our 'of 180 gr. 
cthereremaineth P 


28 a of jr rigrhenm Ma xt 61 and one of eha- 


ZP,andP ich 
FT a borage 


a, oy entre 
angle:if any do nox preſently un 


them, let 
tore read oyer the uſe alt gods, SUPGLTS40 l londe: 


Foe eds np has, =o 


* Ln n . * . pF : E ;» ? 
. " . - « 3 ak 
—_— , 4 f = MO LEASES nA. © & - —_ 
” 4 3.4 


CHAP, VI. 
of the uſe of the Meridlan line in Navigation. 


Tic Meridian line is here ſet on the fide of the Scor 
'trerched forth ar full lengrh, on the ſameplane wich the 
line of les and Solrds, and isdivided ually coward Bogr: 
(whereof 50 arc about one half) in ſuchſore as the 
+ inihe Chart of Mercatdrs projeftion, The uſe of it may 


I To divide a Sea-chart according to Mercators projeition, 
If a degree of the equator on the Sea-chart be equal to the” 
hundred part of the line of /ines in the Sefor, che degrees of 
Rr 


algrente eter ; pc E 
rn —_— Cera mo Seer. ve, 
| Mo me a cnn} by that [\which we ſhewed - 
the linc of lines. 3: 


_— I have here fer down 2 Table, where by 


my bedivided our of the degrees of the 
foto a ra: By bh ables eb 
& u 
Table of See, T <= proportions follows 
ing may be Gs refolved atichmetically. For Fee the manner of 


diviſion, ler rhe 
with'parallel 
hook Je aro theT4 abl 


.inthe 
t Jr pre idian 
on eo 17 p: 4s the equator, wo 


hmdhog is; by addition of Seeants Var the 


perl of ler then. the | 
is to the Secanc of. all. 

nanny ESE 

na degree ofthe oc | 
10 as 100860 the Radix , my umo-200000 the 5 
of 60 degrees, 


TT equate Wins and divided, a iba then C 


12,088 


—— . + nr þ} 7 
9.138 12-190 
9,23 | 32-293] 
9.34 12.395 
9.442 12,497 

| 95543 12-500 
9.645 12,702 

| 9-746] [12.805 

| 9.848 | 12,907 
9.949 13,010 
IO.OFI 13-112 

Frexy Is TRYT 

| | 10-254 13-318 
"10,355 £414 
' ©] 166457 L-3+$33 

16.559 | 1 12:626 

25:6674 13-729. 
yy 113-832 

1 10.564 | ' 14 13-935 

10;966 | ; [14-038 

$1 1.068 | 4, 14-141 
L—mo—— [| A P$y 
Ix, 170 14-244 
11-272 14.347 

'1 rt.374 | 41344450 
{tt.q76] 114553 
by rt.g78/ "414.656 
! he. —— 
[11.782 14,863 

' 411.884; 144967 

11,9867 © | $5.070 

15+174+ 


6-1 |; 
15.692 "7 


—— 


1254392 


; | 23.502 
[hoe 
\ 25.72 
bt, 29837, 18. 
29.943 || 
26,054 - ©4g 
26.164 ' 


| 26.275 
"26.286 


26 a 
'"Fa5:4o8 | -- 
3 26.719 >C . 
*-$26.830 57% Lay 
425-941 F<; 


| 37.052 
o$.77-264 
227-275 
- 127.387 
[=122:4995—] 
37.610 1 
q*-< | 127-7221 31,127 
211379 "0 F | pou] 31,241 
zo| 


27-946[ | 
21, | I, 
486 [28.058 $6 


of the Meridian line. 


My Srtor M\Gr.Par| M| Gr.Par| M\Gr.Par, | M\ Gr. Pa. 
10131-473 [33 [34:992 [361 38.633 1391} 42-4151 42 [7.363 
41s 5 35+I11 38-757 42. 544} 46-496| 
* 131-704], [35-23 | [38-880] © [42-673] -| 46.631 
31-8201 135-350 39-004; [42.802] 746.766 
| 36-935] [35-470] [39-129] f42.931| | 16.503; 
132-952}. _ | 35.590 M4. 39.853 143-061 4 | 47-937) 
—1 33-168 35.710 39. 377 [43-191 47-173 
32.284 | {35.8301 [35-502] 42.3201 145.30 
32.4099| | 35-950 | 39-627] [43-451] 147-44 
33+516| | 36.071 39-753 43-581 [47-581 
31133-9331 34[ 35-191 [37] 39-877 149] 43-711 [431 47.718} 
[133-750] 136.312| 10.002] 143-842} |o56 
| 47-5551 
33-567] 136-433] [40-128] _ 143-973] 147.993 
| - 432-984 36.554] 140.253 | 44-104 43.129 
© [33-101 36.675] [40.379 | 44-235 48.267 
[-. [33-218 a | 38-795 | _ [42-595] .., | 442366] _ | 48.404 
|. | 33-336} 136.917 49.631} [44.498 48-542 
| - [33-453] [37-039] 140-757] [44-630] [48.681 
33-57 | [372261] 149.884] 744-762] [48.819 
33-688] [37-382] [41-014] [44894] | 42.958 
931 32-290 [25 447:495 [38 [41-137 4:| 4-936 144 49-979| 
F004] [37-527] [4-204 | taxrrg| (49.36 
M93 37.643] 141323 45- 292 49-375 
- 9a of hd 41-519] [45-425] 1: 149515) 
:Ji&i97| [hors | [{nade | 45-3580. 1 49-655 
__ _ 4 ; $4 Lf 149795; 
34.516 7s 22TH - 8-29 | 1 I ER72T 
$T-YO 45825 49-935 
P03]: [33386) [orngth, [453550 [hear 
BYf'4 99 Ke 1.$3-633 39142415 142] 46-262 45 59.499) 


— 


|-98 A Tall for the dvifen 
Mid Gr.Par.| 1 be re X; 
" 50.499 48 54-860} 5 | 59.481 | 541 54 
F9 50.641 55.010 59. 19.640 
50.783 55.160, 59-800 
50-925 $5+310 59.960 | 
F1.068 $5.460| | 60.1 20 
$r2r0] _ F5-GT1| [60.280| _ 
—|$1.353 $$+762| [60,441 
1 51.49% 55-913 5 box 
[51.639] [56-065] | 60,965 
| 51-783 $6.217 60.925 
45 9772 56-369 | 32: 61,088| 55 
1 2.071 56.522 61.3 Fo 66.308 71-761 
| 52.215] 56, 675 61.413 66.483 | 71.950 
{ $2:360]. $6,828 & 6 and 66,639 72-14 
I52-505|. 156.981 61,740 66.835 72-331 
| 52-650 [FE-125 _ [61.904 67.011 72+522 
52.941], | 57-444] |62.234| | 57-365] | 72-906 
| þ; yok 137 598|* [63.399 67.343]. | 73-999 
153.2 $7754]. 62.564] | 67-721 | © | 73-292] 
47['$3.386| 19] 37.909! 13 [63.730 | $9] 67-990 | 591 73:486 
[53-426 5.065 | 62.897] {| 69.079 573-680: 
53-073 58,221 63-063 | 08-258 | 73875 
(© | 53-821 $8377] | [635237] | | yy 38 74-071 | 
[$3968] [58-534] [23-398 6 18] [74267 
| $4116] 58-691 | \ 1 ©3-5$66] _ 5= 18 74 
{ $4+264 58.848 63.734 5981 74-661 
54-413] | 5$96006| [63-903 9.163] '' [74.859 
| 154-562] | 59-164 | | | 64-07* | |©9:345| _ [75-057 
| 15+ rr] {$9322 f\ [54-047 - 199-528 | [75-256 
481 54.860! 514 59.482 | 541 64-43? | 57 169.711 1601 75.456 


— 


of the Meridian an line. 991 

Over Gr. Pare 
| My Gr-Per jd M ,Gr-Pa M —— Gr.Pary. = f | 
60[755.451 63 81-749 | 66| 88:725 | 9 | 96-575} 2 Sy 
— 75.656 81.970 $8.97! 96. _ $4 7 $8 
[75-853 $2.191 97229 97* 35 106.558) 
lf. Hal | 9 | cal 

6-261 | $2.635 89.,716- 974701 

: | 86 107-220 
76-464 Ie —z _| 39- 9671 _ _ 97.9861] _ WE 

[96 16,667 | $83,084 90.218| | - 98-272] rome 
$76,871 83-373 | 99-470 my was 9 
77-076 83.535 90/733 | 9 349 108.665 
77-281] 183.763 99-97 70 990239] | 1on-008 
6t177.487164|$3-990 lA [29:43 99.431 | 73 —_— 
77.694 $2448 | es 2s | | 199594 
[7htep | $ 2.00 00,314 109-947 | 
78.109 84.67 92.005 > jy 3: 110.290 

| 784317 84.909 92-264 L100, | , , 
& | 78.521 526 5 85.141 5 924525] 06800] _ 
55.607] [93.050] |1o1913] | 121.9 
rs MN 101 216 111,707 

—_ | CONT 102-132 | | hangers 
+077 8 9 71 © 2 74 122-428] 
65 26.221 68 | 98: 4 it] 102.4 71 - 

—" 186.5501” | 94.213], 102,735 113+ 

. p. Il 158 
: man? hy > p74: © 4 26 
$7-267 94-923] | 203-003 113.897 
_ [$7508 95.195] | 103.9831 | 114-370 
$7» 95 +468 | 104-299 114-645 
Ae "2546 743 | roya99l 115.023 
$8.235 | 96.019! 104.936 115.403 
88.480 | 96.296 | 105.257 115.736 
66188:525 691 96.575 72 | 105-579 751 116,171 


N 2 


b '4 
"4 . 
o - 


y oy 4 « 
F En... 
"3" — 
6 #>, 


tt. 


FE x 
7 


{223,596 


145-014 


o- 
_ x ————_—— _—_——— 


PER Tried 


Gr, Par. j M| Gr. Gr. Pave] Ht Par. | M 
| 3:17 79 129.075 $1 145.6 = 
7 = jt | 129.558 TI 
6.59 En) 114694 | 
(09-008 * q4136.536| 147,600 
y 31,031 148.265 
MEE ME SH 
6 | [73%0 149.618 
(Tre 4 lbrars 150.307 
NG 133-055 rb 
119-755 133-572 32 _ 2 
120,166 | '— 134-094. 4 : 
T2158 | 134-620 13 248 | 
121-6005 | 735-157 | 462 
41 21-420 135,687 "a 
141-343 136.228 TE, 
1 136,775 — - 
123,700 137-326 [+9 885 
123-133 27383 8.478 
23-570] [139449 [e381 
124.999} , -4 139-012 $490 
2 | 1132: 5851 96 
124.898 | 40-104 164| * |160.922] 
125-348 140-748 161-761 
125-301 141.339 162.612 
126-258 141.936 [9-4 474 
126-738 | [142.538 | 116% 264356 
| (27:18 143 143+ $147 NN heoe 
127-649] } 143,76 10 Gs 
L2%.,121 144-385 + Lov 


87 
ig 139-079 184] 145.6501 84 robo I 


Ty Par, 


190-793 


201,529! | * 


be 1 B25 


3 208/705 


- —_—— = 


S—; ft 


| oh pt | 
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Tg The uſe of the Meridian fue. 


v4 
«© "off 
. 


\ 


If ic be a particular Chart, I would firſt draw the line AB * 
ſerving for the firſt Meridian and croſs it with s perpendhs 
cratthe 


cular B C and A D, the one at the upper cnd, the 


Jower end of the Chart, which may ſerve for the extream 


parallels of Latirude. 


Then conſidering at what Laticvde the Charrt is to begin” 


andend, and that this Chart intended for the latitude of theſe © 


perks, is to beginat 5e gr. and ſoend at 55 gr.'l look into the 


able, andfind that 5o gr. of latirude mutt be drawn at 75 

« 909 parts; and 55 gr. of latitude at 66 gr.134 parts from 
t "pr 3 and that the Meridian diſtance between the 
parallel of od yn 55 gr- of latirude muſt be equal co8 gr, 
225 parts of t . VW nI take the line AB 
out of the Meridian line, and diminiſh ir in ſuch p 
as 8. 225 hath unto 1000 per 3 Prop, Lin. and with chat ex- 
rent of the Compaſſes, 1 divide the two cxtgeam parallels of 
hatitude into equal $3, andthrough each degree draw 
meridian lincs parallel to the firſt meridian, ncting them 
with 1. 2. 3. 4. &c- and then, I ſubdivide cither one or all 
of thoſedegrees into 10 parts, and (it I may ) cachte: th part 
into t 0 pakts/ more, but howſoever, I ſuppoſe cach degree to 
be ſuidvided'inro 1000 parts 

_ The meridians being drawn, I come to the parallels of las 
tirude, beginning at 50 'F 

Ard fading in the Table , that the diſtance between the 

Equator and 50 gr. in the meridian ſhould be equal to 5 
5 $09 parts in the Equator and bis parallels,l may ſuppl 
the loweſt parallcl to be 57 gr- from the equator : ſo the 
diftance between this lowett parallel and che parallel of 50 
gr- wilt-be cnely 90g parts. W hercfore 1 take theſe geg odd 
parts, our of the degrees that I divided before, and prick them 
down into the two uttermoſt meridiar's from the loweſt 
rallel upwards, and there draw the parallel of 50 gr. of ts 


ticude. | , 
. To like manner, becauſe 1 find by the table thatthe diſtance 
betwecn the Equator and 51 gr- in the meridian is 59. g#. 


$91 pats of the Equator , 1 abate the former 37 gr. a0 
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ſuch as is commonly 


vECDCSnrtoOOyyy»s nr . 
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ce wich his Se@or, he ; 
ug ro the 'tenth part br 
 menian | Eu chart our of the 
op ks O £ ten times at. 
on the Seffor , and _ work be cle | 


; Or he may divide the Meridian of his chart. by the ſided 
uſed þy Surveyors of lat 
$ hero repreſented by A C D E, wherein theourward 
of (he ſemicircle ABC is divided eq 


ually.into x $0 gr, 
MeV into 16 Rumbs, 


and 


each Rumb fub- 


a8 88% »»C 


*S 


incotins or tho Jelbayen 
Onely Diameter ls beeivided wh 
ringgown vecut Peep NE divetke dtermadiate part 


( . * le hi 

_ umbs and the Diameter may be all cur forth : 

{i — +4. qdraang 
in the inch. 


u 
by the degrees inthe Semicircle., anJ the line of chords and 
the other ſcales may ſerve ro do the- like with more 


many leagues anſwer to ons degree 
gitude in every rar latitnde. 


In ſailing by the prenpetis the courſe holds ſometime up» 
on a great circle , ſometime upon a parallel ro the equator ; 
but moft commonly upon crooked lines, winding rowards 
ws the poles, which lines are well known by the nam= of 
WI). . 

If the courſe hold upona great circle, it is either North or- 
South, under ſome meridian , or Eaſt or Weſt , under the 0- 
quator. Andin theſe caſes, every degree requires an allow- 

' anceof rwenty leagues, every tweaty leagues will make a 

degree difference in the (ailing : ſo that here needs no fur« 

w_ precept then the rule of proportian ia the Chapter of 
fs 


Bur if the courſc hold Eaſt or Weſt, or any. of the parallel 
rothe equator ; Eby: ; 


As the Radius 
is to twenty leagues , the meaſure of one d-gree arthe 
equator. 

So the ſine of the complement of the latitude, - 


ive maſs re of leagues anſwering to one degree in that 
tirude, 


0 Where- 


d66  * 
Gr. b. : 
o,:0f 
T'R23 
(25 75 " 
| ne '76 number of Jeagues required. ; | 

36 52 '\« | - Thus foche latindeot. 18 gr. 12. we' ſhall) 
4t 25" | find 1g kagues anſwering to one degree of lon- 
45 34] 7+] aitude, and 18 
49.7] 15.9. avin-thieFa ; 
F3 3 [2] This may be done more readily without's- 
56 381 [pening, che ScQor, by doubling the ſine: of the 
60 0|10 | complement of the latitude , as may. appear in' 
63 I, | 2 | Ge amerran le. F* 

66 25; 8! Irmayalfo be doneby the line of meridians 
69 30 7 cither uponthe Sefor , or upon the chart., For: 
72 32 | 61 it we. opena pair of compaſſes to the quantity 


75.37 

78 28 
8 23 2] ven, as the other falleth beneath ir, ſo that the 
| 151 ; | larſruge may be-in.the middlc between rhe teer, 
137, 8 pmicns 2 ted the number, of leagues 1nter-. 
be that which was required. , 


£2 { his paralleF,and meaſureir in the meridian line, 
4+- ſetting one'foor as much above the latitude gi-/ 


But if the courſe bold-upon any of proud beroven 2 oh | 


rallel of the equator and the meridian, we areto confider ( 


ſides the of the world to which wetend, which muſt. 


be alwaics-known. ) 


The difference of. longitude at leaſt in general], 
e difference of latirude, andthat in particular, 
3 The r=mb whereon the courle holds. 

4 The diſtance upon the rw»wb, which is the diſtance, which 
we arc here to.confider, andis alwaies ſomewhat greater then 
the like diſtance upon a greater circle, And..for thelg hrſt. 1 
ficw in generalthis third Propoſerion, 


I 
2 
3 


3,Ts 


in the laticude of 25 gr,,. 


one degree of longicude in the cquatory or one of? 


: 


- 
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iT find bow many ler gue; ts enfwrer tv one er) 5 14G un 
gret of Iatiendls in every ſeveral ROMb © © | $=tid's the f hes l 
The Sea mans compaſſeis commonly di. | * Tone mag 
vided into 32 points , the halt into 16,the| ONE. —_—_— 
rter ipto 8, which havetheir names of j |» 4s] 20 02 
NNbE,NNE, &c, a<pnding to thoſe |. 15-37] 29:10 
parts of the world, to-Which, they pojnc, | 3 26} 29 32) 
Anſwerable tothefe points are the Rumby | 1.11 15] 20 39 
their chart ; cach quarter divided | ©" 14 20 6% | 
inco $, cach Rumb It » I 5 ”, diſtant one 16 53} 20 00 
from the other. The firſt Rumb being that} {19 41 © 414 | 
=» ag" d + 
which is 11 gr- 15 #v. diſtant from the}. 2/32 30] 21 6 
Metidian'; The ſecond 22 gr. 30 w. the | {=== + | 
third 3: gr. 45 *- aud ſothe reft. And (if |*5 79] 37 32 
they have need of (maller parts) they (ub- Fe. 71.3398 
divide cachRuwb into quarters allowing 2 | ,j30 3©] 23 32 [ 
gr. 48 .co the firſt quarter,5 gr- 37 _ —133 45] 24 5, | 
halt Reb, &c, as in the Tabl: tollowings 36 7a 24 90 
Asthe fine of the complement of the 39 32] 35 87 | 
Rumb from the meridian, | [4211] 26 59. , 
ist020Jeagues the meaſureof onede-| 4/45 <| 28. 8 | 
greeasthe meridian, "lax aol 20.58 
So isthe Radius aſs ey 0p 
tothe leagues anſwerin 
cocnchoiind. FG oagaee 5 + - 0 57 | 
Asit infailing»& bn, from 50 gr. of nn Ng 
North latitude, -ir were required bow | |; | ? 5 99 
many leagues the ſhip ſhould run, before pr $21. .4243 
It could cometo Fl gr. ol latitude becauſe 64 - 36 78 
thisisthethird Rymb,and the inclination | 5, |< 26 
thercof 33 gr, 45 »- 1 would take 20) (7? 29] 59 37 
ny 2s 2; | 0 38 
. | taKe 20 nes oue $75 54 $2 31 
line of lines, and make a enalie -ye 178 451102 52 
$6 gr. 15». the complement of the rumb | \8t 34/136 30 
[rom the meridian ; ſo his parallel Ra-| |84 22|205 24 
_ em aid mcaſured' in the line of | \89' 11þ407/ 
ihe ew me 24 for the number of 8go olfinita. 


leagues required, 


2 


20} I 
| Andthus in the firſt-Rumb,from the meridian , weſhaf+ 


find2o les 39 partr, anſw ro. 
211g3 65 parts, i 
re we. 


delide 5w 


99; 


- » 1 
" 


<iher 6ft 


at ae ates P + 2 " 
a d _ » 4 : % 
* " . 
% 
ou - 
"The nſs of the Meridign tine 
Y A.) 
+ Ya . 
| < : Gy Ir 
_ —- 


"Wc. as in this 


n R 
ubdivideeach league into 


-as may a ia the ſame example. 


draw the Rumb, tkenwe take the dittance u 
'the Rumb berweemrwo/paralle)s,and meaſureitin 


the meridian line,asfar above the greatcr latitude, 


-as beneath the lefſer. For the number of lcaguth 
4nrercepted , ſhall be that "which was re-quire 
Forexample : inthe ſecond chart pag. 113.1 


Aſt draw the 8 Rumbs, trom the interſe&ion of | 


the meridian with the parallel of 5o gr of latitude, 
either by the which I have hewed before inthe 


- gerieral uſe of ſines Cap. 11 36 io or by helpot 
. Fo 


the protracion laſt mentione r; laying the 
center of the Protraftor 'to the point of interſe- 
Aion, (which is to'be the center of the Rumbs 
and turning the diameter of the pro:raftor, unti 
ic be parallel tothe Meridians of the chart (which 
is then done, when the Meridians and Parallels 
in the chart tall under like diviſions in the Pro- 
'tractor) 1 may make one prickat 11 grl 15m. a- 
nother , at 22-gr, 70 m- in outward part of the (&- 
-micircle, and (o the reſt, , 
Or,having neither Seer nor Protraftor,] would 
-have a line of chords ſet on the fide of the Ruler 
"which 1 am to ufc, from which 1 may take co gr- 
and with that extent ſetting one foor of the com- 
paſſes in the former point of interleion , draw 
-an occult ark of a circle, and therein prick dow n 


- the former arks from the Meridian as in Cp. 11 
Prop, 10. So, thelc arks being pricked down, by 
heſe waics, the right lines drawa-throngh the cen 

6x 


Ic may alſo be done upon the chart , if firſt we 


ccof Jatirude,and. 


| a hundred parts, & ſhew, * 
rinclinationthe rumb hach to the meridian. .... 

This may be done more readily withour opens 
ing the Seftorby doubling the ſecant of the Rumh | 


. 
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ter and thoſe pricks, ſhall be the Rumbs requiced- 

The Rumbsbcing drawn; 1take'the di betweenthe 
Parallels of 50 and 5' gr. 'upon A C, the third Rumb; and. 
meaſuring it in theMeridian line I find the compaſſes coreach 
from above, of a degree below the parallel of 50, but;, 
above the parallel of 51 gr. intercepting 1 gre;, or 24 leagues, 
ſuch as 20 make a degree-- 

. - Again, 1 rakethediſtance upon the (ame Rumb between 

the Parallel of 54 and 55 gr.-which 1-find tobe ſomewhat 
longer then the former diſtance berwezea the .Parallels of 50 
and 51; but meaſuring it in the Meridian line according to 
the laticude of the Paralle] 1 find bur 1 gr- 3, (or 24 leagues) 
as before for the number of leagues anſwering to one degree 
of latirude upon this third Rumb, | 

And by the ſamereaſon , I may find the number of leagues 
anſwering to a degree of latitude upan the reſt of the Rumbs 
agrecable tothe Table. 

This conſidered in general, 1 fſhew more- particularly in 
twelve Prop, following , how. of theſe four any two beivg gi- 
ven, the other two may be tound , both by Mercaors chart, 
and by this Sefor. 


I By one {atitude, Rumb,and d:it ance, to find 


the difference of latituder, 
Asthe Radius n 
to the fine of the complement vfthe Rumb from the Me- 
So the diſtance upon the Rumb, (ridian: 
tothe difference of latitudes, 


Let the place given be A, inthe latitude of 5o gr. C jna 
| Son latitude, bet unknown, the dittance upon the{Rumb 

ing 6 gr, between them , and the Rumb thethird from the 
meridian. 

Firſt I rake 6 gr. from the diſtance upon'the rumb, our of 
'the line of Lives, and make it a parallel Radius, .by putting ir 
OVerin the fines of go and go. Then keeping the Settor at rhis 
angle, Itake out the parallelfine of 56 gr. 15. which is the 
*hncof the complement of the third Rumbfrom the meridian, 
-and-meaſuring itin the line of lines, 1find ic 0.30.85; go 


Tro The uſe of the Muridian line. : 
ſuch is the difference of latitunderequired. 1 "1203 v. 

Or, I way take ourthefincot 55gr- 15:9, forthe com kh 
ment of the third rum from the meridian,and make it a pad 

. for the diftance, either our of the line of tincs, or any other 
leotammF ens . orelſe out of the meridian line, andlay 
it on both fides of the SefFor from thecenter , cither onthe 
line of Hives or finer: ſothe parallel taken from the terms ofthis | 
diſtance, and meaſured intheſame ſcale wherein the diſtance 
was meaſured;ſhall ſhew the diffcrence of laticudeto be 5 gr. ag 


Ce 
Bur in ſhorter diſtances, ſuch as fall within the compaſle of 
dayes ſailing, this work will hold much better. As may ap- 
pear by comparing the work with the Table following: where 
the numbers in the front dofignific the. leagues , thoic inthe- 
fide,the Ramb;and the reſt inthe middle, the difference of la 
tUuge, . "2 
In the Chart leta meridian A B be drawn through A, and 
in A with A'B, make an angle of the RumbBA C. Thene» 
n the compaſſes, according to the laticude of the places, to E 
the quantity of 6 gr. in the Meridian, transfercing them in- 
ro the Rumbirom A toC, and through C draw the parallel 
BC, croſhog the meridian AB ioB : ſothedegreesin the 
—_— from A to B , (hall ſhew the difference of laticude to 
5 Br. 


2 By the Rumb and both latitudes to find the 


dift ance #pon the Romb. 
As the fine of the complement of the Rymb from the meri- 
is :othe Radius: (dian 
So is the diff-rence of latitudes, 
to the diſtance upon the Rumb. 


Asif the places given were A in the latitude of 5o-gr. Cin 
w_ latitude of 55 gr. and the Rumb the third from the me- 
ridian, 

Here I may take 5 grifor the difference of latirude out of the 


line of /nes, and pur it over in the finc of 56 gr. 15 as. loerly 
com- 
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complement of the third rumb fromthe meridian. Then 
keeping the Seftor at this angle, I cake out the parallel Radi- 
us, and meaſuring ir inthe line of /iner; 1 find itto be 6 gr. 
and ſuch is the diſtance npon the rumb , which was required. 
Or I may take the lateral Radius,and make it a parallel fine 
of 56 gr. 15 m.the complement of the Rumb from the meri- 
dian : then, keeping the Seftor at this ang , I rake 5 gr-for 
the diflerence of latitude, cither out of the line of /ines, or out 
of ſome other ſcale of equal parts, and lay it on both fides of 
the Seftor from the center,cither on the line of lines or of ves: 
ſo the parallel raken from the terms of his difference, and 
meaſurcq,ia the ſame ſcale with che difference, ſhall ſhew the 
diſtance upon the Rumb tv be 6 gr, or. 120 leagues... ; 

' Or keeping the Sefor at this anglc,l ay take the difterence 
between 50 gr. arid 55 gr. out of the meridian line, and mzaſt- 
ring it in the equator , 1 ſhall find it to be equal to 8 gr. 22 p, 
of the equator. W herctore Ltake the parallel between $:2 
and $33,007 of the line of lines, and mealuring it in the line of 
liner, ] ſhall find ic to be 98g ; which ſhewes that according to 
this projeion , the diſtance upon this third Rumb, anſwer- 
able to the former difference of latitudes , will be equal ro'g 
gr. 3g ons che equator. 

Or the Setor Yemaining at this angle, I may take the diffe- 
rence between 50 gr.aud 55 gr. out of the Meridian line, and 
lay it from the center on both fides of the Se#or, cither on 
the line of /ines or of nes :(0 the parallel tak:n from the tzrmg 
of this difference , ſhall be the very line of diſtance required, 
the ſame with A Cor E F upon the chart; which may fcrve 
forthe better pricking down ot the diſtance upon the Rumb, 
without raking it of the CHeridias linczas in the fotmer 
Propoſition. | | 

Or if the Rumb fall acarer to the equator, thatthe lateral 
' Radius 'catinot | be fitted oyer in it, this propoſicion may be 
" wrought FLA entrance, 
+", Forit Thrftrake qur the (ine of 56 gr- 15 w. and make ita 
- parallel Radius, by fitting ic over in the fines of go and go, 
or itt theends of the line of lines , and then take 5 gr. for the 
EUfterence of Jaticudes gur of the has of lines, and carry kp: 

r 
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rallel tothe _— I ſhall find it to croſs 
ad rp 6: and ſo it te may be found! 


diſtznce be 5: fon ine id: 
i fame une fine - 


EEE mop epe va ® wnangs +. 4g | 
t ID nd os 


pes of by - 


Chr according ro Ge eoRoN ec 
into the ect Ad Ree Rumb tor 5 gr irude, and 
thete we Lad Sp. jo parts onerthe Fl 
soifthediffcrence of ONE Uo upon the Wire were 
diſtance would © I c 
of tai opon hea Reb wer © bets © of cc,r 


ſtance would be onely 60 vatts, fock entry 4 de- 


er eniclan A Bbe drawn throggh A, and 

chrough A 30d C and then in A with A 
\poipokees i. ng leroy AR diſtance caken 
| omg fr gs, e-orTu the 
the latitude of the places, ſhall be 


leagues, Andſuch is the diſtance required. 


3 By the Aiſtancy and beth Iatituder, 
to fond the Rawnb, 
"ay he eee of nnde Ieringer? 


ridian, 
Le Gre atthe complement of ed hn S——. 


As if the rcer given ware A, inthe laticnde of 5o gr- Cin 


che lacſende of v them being 6 
the Rumb. ne erate Es nee upon x 


umb, and lay it on both fides center; 
for the ae (hs of la- 


or acar Teak. 

ednre bo 4 py terms of the former 
: father rarallel Radius hone Fo | meaſured inthe 
Lord rs #, the comp whercot 33 gr. 


45 .: 


Idian line, accor 
mv or « 


The/e of the Met idian line, 115 
45 ,is the angle of the Rumbs inclination to the meridi- 
an, which was required, _  - 

In the chart leta meridian A B be drawn through A, and 
parallels of latitude both through A and C; then the 
compaſles according to the latitude of the places toE Fthe 
quantity of 6 gre in the meridian, and ſcrting one foot in A, 
turn the other till it croſs theparallel BC in C, and draw the 
right line A C: fo the/angle B AC ſhall ſhewthe inclination 
of the Rumbto the meridianto be 33 gr. 45w. as before. 

Theſe three laſt Propoſitions fab dd a on the other, and 
may be wroughtas truly by che common Sea chart as by this 
of Mercators rojetion:and chercfore in working them by the 
Seſtor, thediftanceand the difference of Jaticudes may as well 
or better be taken out ot the line of lines ( which here repre- 
ſenteth the equator ) or any other line of + parts, as out 
of the inlarged degrees inthe meridian line, inthe propo- 
firions following, the difference of longitude muſt be taken 

' out of theequaror ;the allevence phipindes diſtance up- 
on the 'Rumb. muſt alwaycs be taken out of the weridias line; 
which I therctore call the proper difference, and proper di- 


4 By the lengitade and latitude of two places 
Asif theplaces gi wn in the Jatitude of C 
$i given were A in the Jatity 52 gr- Cin 

the latitude of 55 gr. and the difference of Jongitizude bc- 
MN CINEne s 32-4008 

In the chart let meridians and paralle]s be drawn through 
A and C,and a ht line foefthe Rumb {rom A to C; then 
by that we ſhewed Cap. 2. Propoſotion g. inquire the quiamiity 

the BAC, and it ſhall be toundto be.33 gr. 45 m. 
which js the third Rumb from che mcrigian. Wherefore the 
-proportion holds for the SeRtor, 


AvABrhe proper difference of latitude, 
is rs BC the difference of longitude 
'So A Bas Radius, 


to BC the 


totthe Rumb fromthe meridian. 


According to this I rake oper difference of latitude 
from 50 gr.'t0 55 gr, 0ut of neal wean; ad lay in 
2 


pa A 
Fa % *1 
*s 
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both ſides of the Se&or from the center ; then I take the diffe= 
rence of longitirude 5 gr. 5 cut of the line of {ves and to ito- 
pen theSeftry inthe terms of the former difference of latitudes, 
{> the parallel Radivs taken from between goand 90 : and | 
meaſured inthe greater rangent on the (ide of the Sefor, doth 
give 23 gr, 45 m. forthe Rumb required. 

But if the Rumbſall nearer ro the Equator ; 


As A D the difference of longitudes, 
is ro D Cthe proper difference of latitudes : 
So AD the Radius, 
toD C the tangent of the Rumb from the equator, 


According to this I rake the former difference of latitudes 
from 50' gr. to'55 gr. out of the line of meridians, and to it open 
the Sefor in the termes of the difference of longitude reckos+ 
ned inthe line of lines from the center, ſo the parallel Radius 
taken and meaſuredin the cangent, doth give 56 gr, 15 mw. for 
the Rumb from the equator * which is the complement tothe 
former 33 gr. 4 5m. andſo both wayes it is tound to-bethe 
third Rumb from the Meridian. 

Bur if this Rumb were to be found in the conamon Sea» 
chart, it ſhould ſcemto be above 47 gr. which is morethen the 
tourth Rumb from the meridian. 


5 By the Romb and both latituder, to findihe 
| difference of longitude» 


As iftheplacesgiven were Az in the latitude of 50 gr. and 
C ia the latitude of 55 gr. and the Rumb the third fromthe 
meridian.” ' :.. | 
Fa the chart, kt ameridian be drawn through A, and a pa- 
rallel of latirude through C, then in A, with A B, make the 
angle of the Rumb from the meridian BAC, (as was 
ſhewed (ap. 2. Prop. 10. ) So thedegrees in the parallel be- 
_ B on Coda bobarptbs be $807 the pack lon- 
WHRICN Was required, erciore the , rijon 
olds for the Sefor. I IVES 
As A BtheRadius, 
toB Cthe tangent of the Rumb from the meridian : 


The uſe of the Meridialine. 115 
So A Bthe | difference of the laticudes, 
roB Crhe Lifference of longitude, 
According to this we may take the tangent of the Rumb 
which is her 33 gr. 45 #. from the merigian; our of the grea- 
ter #4«gent on the ſide of the Seftor, and purting it over be- 
tween 90. and ge, make ita Radins: then keeping the Setter 
at this angle, rake the proper difference of latitudes from 50 
gt. to 55 gr. out of the line of meridians; -and lay it on both 
ſides of the Se&or trom the center : ſo the parallel raken from 
the termes of this difference, and meaſured in the line of /mer, 
ſhall ſhew the dificrence of longitude to be 5 gr. 5+ 


AsDC the tangent of the Rumb from the equator, 
ro A D the Radivs : 

So CD the proper difference of the latitudes, 

- to A D the ditterence of longitude. 


According to this, we — work oy parllcLentramee, 
firſt raking 56 gr. 15. forthe anglcof the: Rumb from the 
equator, out of the greater tangent, and make it a parallel 
Radius : then take the proper difference of latitudes our of 
the line of merjdians, and carry it parallel tothe former : ſa 
we ſhall find ir to crofle the line of hnes in-5 gr. 4. And this is 
the diflerence of longicude required, the ſame as before. 

Bur if\this difference were to be found by the common 
Sea-chart,ic ſhould ſeem to be onely 3 gr. 20 w. which is more 
then 2 degrees leſs then the truth. And yet thisertfor would 
ol. wo pry = » ifcither the latitude be greater, or the Ree fall 

er the equator , -as may appear by comparing the cam- 
mon Feo-chaxr whhthe Table following i 
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Theſe tables are calculated for each ofthe Rumbs. 

The firſt ſeven have three columnes , and of them the firſt 
cantainerh che degrees of Latitude from the EquinoRial to the 
. Pole : the (econd doth give the difference of Longitude ; and . 
the third thediſtance , borh of chem belonging to that Rumb 
and lacirade. 

&sin the Table of the third Rumb ; at the /atirnde of 5o pr, 

I find under thetitle of Lexgitnde 3g gr. 69 parts, and under 
thericle of diſtance 60. gr. 13 parts, This ſhewes that if the 
courſe hehi conſtantly on the third Rumb from the Equi- 
nottial to the latitude of 50 gr. the difference of Longitnde 
would be 3$ gr- 69 parts of 100, and the diſtance upon che 
Rumb 60 gy. 13 parts. For here 1 reckon the diſtance by.de- 
grees , rather then by leagues or miles, and ſubdivided cach 
degree into 100 parts, rather then into 60 minutes, for the 
morecaſe in calculation, and withal to make the calculati- 
onto agree the better, both witch his, and my Crefſe-ftaffe and 
other inſtruments. 

1 he uſe of theſe Tables, for the finding of the ditterence of 

Longitude, is this: Turn tothe table of the Rumb,and there 
ſee what longitude belongeth to cither latitude, then take the 
one longitade out of the other , the remainder will be the dif- 
ference of longitude required. 
_ As inthe former example, where the places given were A, 
inthe latitude of 50 gr.C in the latitude of 55 gr.and the Rumb 
che third from the meridian : 1 looke into the table of the 
chird Rumband there had, 


” Latitude 50 gr- Longitude 38 gr. 69 parts: 
Latiride 5 5 gr Longitude 44 gr- 19. 
Thercfore the diff. of longitude 5 gr. 50- 


Thereisanother uſe cf theſe tables, for the diſcribing of 
the Rumbs both on the Glebe, and allſorts of Charts. For ha- 
ving drawn the circles of longitude and latitude , and findi 
by the tables - the diflcrerce of longitude belonging to c 
Rumb ac latitude : 1t w* make a pricke in the chart, at every 
degree of latitude , acc rdingto that difference of longitude, 
and draw lings through thoſe prickes, ſo asthey make no - . 

| Fl cs, 
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s. the lines ſo drawn ſhall be theRumbs required. 
gen uſe of the eighth Rumb is ſomething ; — eu from the 
reſt. For there being here no change of latitude, I have ſer to 
each latirude , the Tderence of longitude , belopging to one 
degree of diftance, and the diſtance belonging to one degree of 
longitude. * 

As if two places ſhall bt 20 leagues; or onedegree diſtant 
one from the other, in the latitude of 5o gr- the difference of 
longitude between them will be 1 gr-55 p4774 Bur it they 
difter one degree in longitude, the diſtance between them will 
be onely 46 parts, which fall ſhort of 13 leagues, or atthe 
moſt 64 gy. 28 parts, ſuch as 10000 do make a degree. 


6 By the difference of longitude, Ru wh, ard one 
latitude, to find the other Latitude, 


As if the places given were A, inthe Jatitude of 50 gr. Cin 
a greater latirude, but unknown, the difference ot longitude 
5 27-4, andthe Rumb the third from the Meridian- | 

Inthe chartlet AB, DC, meridians, be drawn through A 
and C, according to the difference of longitude , one 5 87. 5 
from the other ; and a parallel of latitude through A, croling 
the meridianCDinD: thenin A, with A B, make an anglc 
of theRumbBAE : fo the degrees in the meridian between 
D andC, ſhall be found to be 5 gr. the proper difterence of la» 
titude which was required, W gefore the proportion holds 
for the Seftor, 


As AD the Radius, 

toD Crhe tangent of the Rumb from the equator ; 
So AD as difterence of longitude, 

to D C the proper difference of latitude. 


According to this, Itake 56 gr. 15 m. for the angle of the 
Rumb {rom the equator, our of the greater Tangent, and make 
ta parallel Radius. Then I reckon 5 gr. + in the line of /mes 
from the center, for the difference of longitude. Sothe paral- 
le] taken from the termes, of this difference, and meaſured in 
the line of meridians, ſhall reach from 0 gr, the latitude given, 
w55 gr, Which is the latitude required, 

Or 


128 The uſe of the Meridian I},.e. 
Or if the Rumb fall nearer to the meridian. 


As B Cthecangent of the Rumb fromthe meridian, 
is to A Bthe Radius: * * 
So B C as difference of longitude, 
, {to AD cteproper difference of latitude. 


According to this we may beſt work by parallel eatrance; 
firit rake 35 gr. 45 ms. for the 2ogle of the Rumb from the me- 
ridian, out of the greater Tangent, and make it a parallel Radi- 
us; then take 5 yr. + tor the difference of longitude our of the 
line of &zez. and carry it parallel tothe former , till the feer of 
thecompaſles (tay in like points : ſothe line between the center. 
and the place of this ſtay, being taken and meaſured inthe line 
of meridians [rom-50 gr, forward, ſhall ſhew the latitude requi» 
red tobe 55 gr. as in the former _ ; 

The like may be found by the tables of Rumbs, For in the 
cable of the third Rumb, ar the latitude of 5ogr. I find the. 
longitude of 38 gr. 69 p. To this it 1 add 5 gr. 50 p. for the diffc- 
rence of longitude given , the compound longitude will be 44 
27+ 19 p-and this anſwers to the latitude of 5 5 gr- 

Bur it this diflerence of latitude were to & found by the 
common Sea- chart, it ſhould ſeeme to be 8 yr. 13 wm. and(othe 
ſecond latitude ſhomid be 58 gr-13 mw. which 1s above 3 gr- more 
chea the truth, 


7 By one latitude, Rillnb, and diſtarce, to find 
the difference of lengitnde, 


As if the places given were A in the latitude of 5ogr. Cina 

Wa} comms bur unknown , the diſtance upon the Rumb 

C6 g6 berween them, and the Rumb the third from the me- 
ridian. 

In the chart, leta meridian A B, anda parallel] A D, be ' 
drawn through A, and in A, with AB, make anangle BAC, 
forthe Rumb from the meridian; then open the compaſles 
according to the latitude of the placesto E F , the quantity of 
6 gr. inthe meridian, transferring them intothe Rumb from 
A to C,and through C draw another meridian DC, croſlin 
the parallel drawnthrough Ain D, ſo the degrees intercepte 

in 
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in the parallel from A to D , ſhall ſhew the difference of lon- 
girude required to be about 5 gr. 3. Wherefore the propor- 
tion holds tor the Seftor. 


As AC the Radius, (racridian : 
isto A D, equaltoB C, the fineof the Rumb trom the 
So A C as proper diſtance upon the Rumb, 
ro A D the difference of longitude. 


According to this I take the fine of 33 gr. 45 w. for the an- 
pb the Rumb from the meridian, and make it a parallcl 

adius; then kceping the Sefor at this angle, 1 take 6 gr. for * 
the diftance out of the meridiamline, according to the cſtima- 
ted latitudes of both places, and lay it on both ſides of the Se- 
fer from the center : fo the parallcl raken fromthe terms cf 
this diſtance, and meaſured in the lines of les, ſhall ſhew the 
difference of longitude tolc about 5 gr. +. 

In this ard ſome ct the Prop. following, wherethere is but 
one latitude known , there may be ſometimes an error of a 
minute or two, in the eſtimation of the proper diſtance , yet 
it may be reftified at aſccond operation, 

This propoſition may alſo be wrought by the Tables of 
Rumbs. For according to the example , inthe Table of the 
third Rumb, ar the latitude of 50 gr. Ifind the Jongitude of 
38 gr. 69 p- and the diſtance of 6o gr. 1 3.p. tothis 1 add 6g. 
for the diſtance given; ſorthe compound diſtance will be 66 

r- 17 p. and this anſwers to the longitude of 44 gr: 19p-then 
itI rake the one longitude out of the other, the difference will 
be 5 gr. 50 p. as before. 

But it chis diftcrence were to be found by the common 
Sea-chart,it ſhould ſeem to be onely 3 gr, 20 w, which is morc 
then 2gr- lefle then the truth, 


8 By one latitude, Rumb, and difference of longitngder. 
to find the diſtance, 


As if the places were given A, in the Iatitude of 5o gy + C 
in a greater Jatirude but unknown, the difference of longitude 
bewcen them being 5 gr. 3, and the Rumbthe third from the 
meridian, k 

Ia 


130 The ſe of the Meridian foe. 

lathecharr tet A B,DCymeridiats be drawn through A ang © 
C, according tothe difterence of longitude, and a yenatet of - 
latirude through A, crofling the meridianD Cin D; then in | - 
A, with A B, make an angle of the Rumb BAC : ſothe gi. 
ſtance 0a the 4 penggr* AtoC taken and tneaſuted in the 
meridian, according to the eſtimated Hatitade of rhe places, 
ſhall be found to be 6 gr. Wherefore the proportion holds 
tor the Seftor, 


As AD, equal to BC, the fine of the Rumab from the merj- 
is to ACthe Radius: _ | (dian, 
So A D as difference of longirudes, | 

to A C theproper diſtance upon the rumb. 


According to this. 1 rake the laterial Radius , and makeit 
a parallel fine of 33 yr. 45 #. Which is here the angle of the 
Rumb from the meridian ; then 1 reckon 5 pro; 40 the lines of, 
lines frem the center , for the difference of longitude: 'fothe 
parallel raken from the rerms of this diffcrence, and meaſu- 
red inthe line'of weridi«ns, according to the laticndes of the 
places, ſhall there ſhewthe diſtance required eo be abour 6 gr, 
which are 120 _ | | 

Or if the fall nearer:to the meridian , that the'late- 
ra] Radiuyeatinor be fitted over in his fine , this Prop, rauiſt be 
wrought by parallel entrance, and ſo alſoit gives the ſarne 
diſtance as before. 

Or we may find this diſtance by the Table of Rumbs, For 
inthe table of the third Rumib, atthe latitude of 50gr, I find 
the longicude of 38 gr. 69 p-aud the diſtance of 60 gr,rz p, To 
rhis longitude heretound Iadd 's gr. 50p- for the differetice 
of longirude —_ : ſo the compound tude Will bc 44 
£r- 19p-and this anſwers tothe diltance of-66 gr. 15,p. Then 
if I os the one diſtance out of the other, the remainder will 
be 6 gr. 2 p- for the diſtance required, 

Bur if this diſtance were to be meaſured on the common 
Sea-chart, it ſhould ſcem tobe almoſt 10 zr. or act the traſt 
197 leagues, aboye 17 leagues more thea the truth, 


9 B 


The uſa of the Meridian (ine, 131 
By owe Latitude, diff ance, and- difference of lun- 
m—_— ginnde, to nd the Rumb, 


As if theplaces given were A, in the laticude of 50» &rs C 
in a greater latitude but unknown, the difference of longitude 
ne; hone being 5 gc. 5, and the diſtance of 6 gr, upon 
the Rumb, 

Io thechartler A B, DC, meridians, be drawn through A 
and C, and a parallel of latitude through A; then-open the: 
compaſſes accordingto the latitudes of the places, to E F che 
quantity of 6 gr. in the meridia», and ſetting the one foot 
in A, the other foot ſhall crofle the other meridian in C3 a 
it wedraw the rightline A C', the angle BAC ſhall ſhew the 
inclination of the Rumb to the meridian, to be about 33 &r- 
45 m. Whercfore the proportion holds for the Seftor- 


As ACthe proper diſtance upon the Rumb, 
is to A D thediftcrence of longitude; 

So ACas Radius, 

.toAD, equal toBC, the ſinc of the Rumb from the 
meridian. ; 

According to this , I take the proper diſtance 6 gr. out of 
the line of meridians, and lay it on both fides of the Setter 
from the center ; then I rake the difference of lotigitude 5 gr. 
+ out of the lin: of /ixes, and to it open the Setter ia the terms 
of the former diftance : ſothe parallel Radius taken trom be- 
wween goand go, and meaſured in the fines, doth give about 
33 [5 45 w, forthe Rumb required. 

ut if this Rumb were to be found by the common Sca- 


chart, it ſhould ſeem to be aboye 66 gr.and fo al th 
Rumb from the Meridian. EIN P ATT a. 


10 By the longitude and latitude of two places, 
to find their diſt ance from the Rumb, 


 Letthe Seforbe (ae in the lines of lines, untoa right 
angle (as was ſhewe before Cap. 2 Prop, 7,) then take our the 
proper difference of latitude, and lay it on the one line, and 
the difference of longitude , — the other line , ſo 

2 FT 


hs The uſo of the Meridian line 


as they may both meer in the center , manſng bow far they 2 


extend, For the line taken from the terms of their extention, 
and meaſured in the meridiav, according to their latitudes, 
G11l ſhew the diſtance required. — : 

So if the places given were A and C, A inthe latitude of 
5ogr- Cin the latitude of 55 gr. the proper difference of la» 
tirude ſhall betheline AB, and letrB C the difference of lon» 

itade b25 gr. 4, we ſhall find that A C the diſtance upon the 
Rumb is about 6 gr. which make 120 leagues. 

For in the chart, let an occult meridian be drawn through 
4, and a parallcl of laticude through {, croſſing the former 
meridian in B, and right line for the Rumb trom A to C, 
ſo have wea reftangle triangle A B [{, whoſe baſe 4 C, taken 
and mcaſured in the mcridian from E below 50 gr. to F, as 
much above 55 gr. doth contain the quantity of 6 gr. 

In the ſame manner the $-&oy being opened toa r'ght an- 
ole, in the lacs of (ues; it wetake the difference of Ltitude 
our of the line of meridians, in his proper place from 50 gr. to 
55 gr- andplace it on one of the fides from the center, ro re« 
ſemble A B,then reckon the difference of longirude on the 0- 
ther perpendicular line from the center to 5 gr. +, inſtcad of 
BC, we ſhall have the like reAangle triangle on the Sefor, to 
that which we had before onthe charr ; and if we take out the 
baſe of it, and meaſure irin the line of weridiars from bes 
low 5 gr. to as much above 55 gr. We ſhall find as bctorc, 
that it containcth about 6 gr, or 12:06 l{cagiies. 

Bur if this diſtance were ro be meaſured on the contmon 
Sea-charrt, it ſhould ſeem to be almoſt 7 gr. 5 Or 245 leagues; 
which is 25 /cagues more then the truch, | 


11 By the latitude of 1wo places, and the diſt ance won 
the Rumeb, to find the diſfcrence of longitudy, 


Let the Seftor be opened in the lines of /ines to a right angle, 
then take our the proper difference ef latitudes, and lay in on 
one of the lines from the'center, then'take the proper difiance 
with a pairof compaſſes, and ſetting one tootin the terms 
of the difference , turn the other foot to the other line. of the 


Setter, and ic ſhall there ſhew the" difference of longitude re- 


5g 


quired, 


The w/e of the Meridian line. 133 

$o if the place given were 4 inthe Jatirude of 50 gr. Cin 
the latitude of $5 gr. with 6 gr- of diſtance one from ano- 
the, we ſhall find their difference of longicude to be about 


5 r+ 5: « a 
inthe chart leta meridian A B be drawn for the one, 

"bor C,rAD, parallels of latitude for them both : Then 0- 
pen the compaſles according to the latitude of the places,to EF 
the quantity of 6 gr. in the merrdrans > and ſetting one foot in 
A, having latitude of 5© gr-turn the other to the parallel of 
55 gr-and it ſhall there cut oft the required diffcrence of lon- 

itude'B re & 
E Ja he fans manner, the Se#or being open] to a right an- 
gle,in the lines of lines: it we take the differnce of longitude out 
of the line of meridians in his proper place ircm 50 gr. unto 
5: gr. and place it on oneot the lines trom the ce tcr ; then 
take Gor. the diſtance upon the Rumb. out of the ſame line of 
midians, according to the latirudes of the places, and ferthe 
one foot in the term of the tormer difference , turning the 0+ 
ther foot to the other perpendicular line, we ſball find that it 
will croſſe it about 5 gr. 4 from the center which is the diffte- 
rence of longirude required, 

Bur if this difterence of longitude were to be found by the 
common Sca-charrc, ic would ſeem tobe onely 3 gr. 20 m- 
which is more then 2 gr, 10 m. lefle then the truth, 


>. 18 By one latitude , Po and difference of longitu les, 
to find the differenceof latitudes. 


Letthe Sefor be opened in the line of /ines to a right an- 
gle, and ler the Cifterence of longitude be reckoned in one of 
thoſe lines from the center ; then take the proper diſtance 
with a pair of compaſles, and (ctting the one foot in the term 
of rſte former diflcrence; turn the other foot to the other line 
of the Seftor, and it ſhall thence cut off a line, equal to the pro- 
per difference of latitude required. 

So it the places given were 1M andC, Ainthe latitude of 
50gr-C ina greater latitude but unknown, the diflerence of 
longirade between them 5 gr. +, and the diſtance upon the 
Rumb 6 gr. cr 120 leagues, We (hall find the difference of 1a- 
titude to be 5 gr. | Far 


#34 The uſe of the Meridian lice. 

For in the chatt, let occult meridians be drawn through 4 
22dG,and = pafallt of Jatitade through 4then open the coms 
palles according to'the eſtimated latirudes of the places tw ER 
the quantity of 6 gr. in the meridian, and ſetting the one foog 
jn 4, turnthe other to the meridian drawa through {, and 
- and it ſhall there cut cf the line DC, which is the difterence 
of laticudercquired, 

In the fame manner, the Sefor being opened toa right an- 
gle in the line of /ines, if in the one line we reckon the diffe. 
rence of longicude from the center to 5 gr. 4, then taking 6 or, 
for the diſtagce our of the line of CAeridians, according to . 
latitude of the places , we ſet the one foot in the term of the 

ivendifference , and turnthe other foot to the other pe 
Ticular line, we ſhall find that ir cuts aline from it, which 
taken and meaſured in the line of meridian: , from 50 gr,on 
forward , doth ſhew the difference of latitude to be as hefoce 


"For if this difference of latitude were to be found by the com» 
mon Sea-chart, it would ſeem to be oncly 2 gr. 25 #«. which 
is 2 gr. 35 #. lefſe then the truth, Such is the difference be» 


tween both theſe charts: 
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THE 
THIRD BOOK, 


THE SEegcrox: 


Containing the uſe of the particalar 
Lines, 


He lines of lizes, of Super ficies, of Solids, of Sives, with the 

lateral lines of Ta»gents and AMeridiens , whereof I have 
hereunto ſpoken, are thoſe which I principally intended : that 
litrle room on the Se#or which remaineth , may be filled up 
with ſuch particular lines, as each one ſhall think convenienc 
for his.purpoſe. I have made choice of ſuch as I thoughe 
might be beſt pricke on without hindrivg the ſight of the tor- 
mer, viz, ſines of Quadr ature, of Segments, of {rſcribed bedies, 
of Equated bedies, and of Mnal:s, 


CHAP. I. 
Of the lines of  Auadrature. 


AD lines of quadrnrwre may be-known by the letter © and 
o for placeb:tween chelines of fixes: £ fhgnifhiethabe 
fide of a ſquare ; 5 the ſide of a pentagen with five equal lides, 
6 'of an bexwgon with [ix cyual ſides, and ſo9,8; 9, and 10. S 
fands fot the Semidiamererof aciccle, and cotor a line £qual 
to 90/gr.'in thecircumference, [Theuſe of them maey bee 


1 Tomaky.a ſquare equal to @ circle given : 
2 To make a circle equal to 4 ſquare given. 


of the liner of Puddramwe. 


—_— 


If the circle befirſt given, take his ſemidiameter ; and to it 
open the Seltor inthe pointsat $ 1 the paralle] taken from 
wy the points at ,2, ſhall be the fide of the ſquare re- 
quired. 

If rhe ſquare be given take his ſide, and to it open the Sefter, 
in the poiats ar Q : So the parallel taken from berween the 
points.at S, ſhall be the Semidiamerer of the circle required: 
x Let the Semidiameter of the circle given be A B, the fide of 
the (quarecqual unto it ſhall be tound to be C D, 


4 To 


Of the lines of Puddrature 139 


4 To reduce a circle given, or a ſquare into an equal pen- 
tagon, or other likg fided and like angled fignre. 


Take the fide of the figure given and firitover in his duc 
points : ſothe parallels caken from berween the points of the 
other figures, ſhall be the ſides of thoſe figures : which being 
made up with equal angles » ſhall be all equal one to the 0- 

ther, | ws 2 

Let the Semidiameter of the circle given be A B, the (ide o 
all hexagon equal to this circle, ſhall by theſe means be found * 
to be G H; and the ſides of an oftagon to be I K. Other 

lanes not here ſer down , may firſt be reduced iato a ſquare, 
y the ſixr Prop. Superf. and thea into a circle or ocher of theſe 
equal figures, as before. 


5 To find 4 right line, equal to the circumference 
of 4 circle, or other part thereof. 


Take the Semidiameter of thecirle giyen, and to it open 
the Seftor in the points at S ; ſo the parallel taken from between 
the pointsat go in this line, ſhallbe che fourth part of the cir- 
cumference : which being known,the other parts may be found 
our by the ſecond and third Prop. of lines. 

Thus if the Semidiameter of the circle given be A B, the 
' right line E F ſhall be found to be the fourth part of the circum- 
ference. Therefore the double of E F ſhall be equal to the cir- 
cumtference of 1830 gr. 'and the halt of EF be the circumtc- 
rence of- 45 gr. and {o inthe reſt. 


CHAP, II, 
Of the lints of Segments. 


Ti lines of Segments which are here placed between the 
A lines of fnes and ſwperficies and are numbred by 5, 6, 7: 8, 
9, 10, do repreſent the diameter of a circle, ſo divided intoa 
hundred parts, asthar a right line drawn through theſe parts, 
perpendicular to the diameter , ſhall cur the circle into two Seg- 
ments » of which the greater Segment ſhall have that propor- 


tion to the whole circle, as the parts cut have to 100, "Theuſc 
of themmay be. * pos 1 To 


\ 


140 Of the inue of Segments. 


1 To divide 4 circle given into two Segments 
according to 4 proportion given. 
2 To 7 I. A between 4 circle 
4nd his Segments given, 

Let the Seffor be opened in the points of an 100 to the diz- 
meter of the circle given : ſo a parallel taken fromthe points 
proportionable to the great Segment required , ſhall give the 
depth of that greater Segment. 

Or ifthe Cppaecs be given,let the Sefbor be opened as before; 
then take the depth of the greater Segment » and carry it para 
le} ro the diameter : ſothe number of points wherein they ſtay, 
ſhall ſkew the proportionto 100, 
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Of thalines of Inſcrtbed bodlee, 141 


the diameter of the circle given were B L, the depth 
A Segment 1 O being 75, doth ſhew the propor- 
tion of the Segment OMLN to the circle to be as 75 to 100 
viz, three parts of four.. | 
Hence 1 might ſhew, if there were any ule of it. 


2 To find the fide of a ſquare, equal to ary 
nown Segment of 4 ciyle, 


The fide of a ſquare cqual to the whole circle , may bz 
found by the former (p. and then having the proportion 
of the Segment ro the circle , we may diminiſh the ſquare in 
ſuch proportion by that which hath been ſhewed Lb. 1. Cap- 
3s Prop. J. 


CHAP. HI. 
Of the lines of Inſcribed bodies. 


He lines of i»ſcribed bedier are here placed between the lines 
|= of ling , and may be known by the letters D, S, 1, C, O, T, 
of which D fignificth the ſide of of dedecabedron , I of an 1ſco= 
fabedron, Cot a cube, O of an oltabedron and T of a tethrahe- 
drow, all inſcribed into the ſame ſphere , whoſe ſemidiameter 
is here {ignified by the lecter S. 
The ule of rheſe lines may be, 


1 The ſemidiamter of 4 ſphere bring given , to find the ſides of the 
five regular bedies, which may be mſcribed inthe ſaid ſphere. 
2 The fide of any of the five regular bodies being given, to find the 
ſemidiameter of a ſphere, that will cireumſcribe the ſaid body, 


If the ſphere be firſt given, take his ſemidiameter, andto ic 
open the Seer in the pointsat S - if any of the other bodies be 
firſt given, take the ſide of it, and bt it over in his due poines : 
ſo the parallel craken trom berween the points of the other bo- 
dics, ſhall be the {ides of thoſe bodies, and may be inſcribed 
intothe ſame ſphere. 
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142 Of the lines of Equated bodies. 2 
Soif the ſemidiamerer of the ſphere be A C, the fide of the 
dodecal e4+0n inſcribed ſhall be D E. ___ 


CHAP, I111I, 
Of the lines of Equated bodies. 


He lines of equated bodies, are here placed between the 

lines of lines and ſolids , noted with theſe letters D, I, C,S, 
O, T, of whichD ſtands for the fide of 2 dedecabedren,, I, for 
the {ide of at Vcoſabedron, C for the fide of a cube, S for the di- 
ameter of a ſphere, O for the fide of an e#abedron, and T for the 
fide of a terrabedren, all equal one to the other, The uſe of thele 
lines may be. 


1 The diameter of a ſphere being given\, to find the ſides 
of the five regular bodies, equal to that ſphere, 
2 The fide of any of the five regular bodies bring given, 
to find the diameter ofa ſphere, and the ſides of the 
' Other bodies, equal to the firſt body given. 


If the ſphere be firſt given, take this diameter , and to ir 0- 
pen the Sefor in the pointsatS : if any of the other bodies be 
firſt given, take the fide of it,and fic it over in his due points:(0 
the paratele taken from between the points of the other bodies, 
ſhall be the (idesof thoſe bodies equal to the firſt body given. 

T hus inthe laſt diagram , if the diameter ol a (phere given 
be B C, the fide of the dodecakedron cqualto this ſphere, would 
be found to be FG. 


CHAP, 'Y;" > 
Of the lines of Metals. 


T He lines of Metals are here joyned with thoſe before of 
equared bodies, and are noted withthele charaters, ©, 2, 
h ?,, 2,6, of which © ſtands for gold , Ftor quickfilver, kh 
for lead , 2 for ſilver, 2 for copper, & tor iron, and V for tin. 
The uſe of them is to give a proportion berween gheſe ſeveral 
metals, in their magnitude and weight, according to the ex- 
per:m1 ts, 0 {CMarinys Gheraldns , in his book called Prowetws 
Archimedes 1 In 


r 


Of the liner of Metalr, 143 


In like bedies of ſeveral metals and tqual weight, 
having the magnitude of the one, to find 
* magnitude of the reſt, 


Take the icude given out of the lines of Solid: , and 
to it open the Seer in the points belonzing ro the metal given: 
ſo the parallels taken from berween the points of the other 

* metals, and meaſured in the lines of Se/ids, ſhall givethe mag» 
nitude of their bodics. 

Thus having cubes or ſpheres of equal weight , but feveral 
merals, we ſhat find that if thoſe of tin contain 10co9 D, the 
ethers of iron will contain 9250, thoſe of copper $222 , thoſe 
of filver 7161, thoſe of lead 643 5 » thoſe full of quickfilyer 
5493, and thoſe of gold 3895. | 


2 Inklke bodies of ſeveral metals and equal 
.magnitnde, having the weight of one to 
find the weights of thereſs, 


This propoſition is the converſe of the former, the propor- 
tion not dire , bur reciprccal , wherefore having twolike 
bodics, take the given weight of the'one ont of the lines of 
Solids, and to it open the Settor in the points belonging to the 
metal of the other body : (o the parallel taken from the points 
belonging to the body given, and mcaſured in the lines of 
Selidr, ſhall give the weight of the body required. 

As it acubeof gold weighed 38 /. and it were required to 
know the weight of acube of lead havitig equal magnitude- 
Firk I take 3% {, for the weight of the golden cube our of the 
| lines of Solids, and pr over inthe points of & belonging to 

lead : ſothe parallel raken from berween the points of © ſtand- 
ing for gold, anJ meaſured in the lines of Solids, doth givcthe 
weight of the leaden cube required tobe 13 /. 
hus if a ſphere of gold ſhall weigh 10000 we ſhall find 
that a ſphere of the ſame diameter full of quickſilver fhall 
weigh 7143 , a ſphere of lead 605, a ſphere cf ſilver 5438, 
a ſphere of copper 4737 » a ſphere of iron 4210, and a ſphere 
of tin 3895. 3 4 


c 
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144 Of the Hines of Metals. 


3 eA bod) bring given of one metal, to makg anather 
like unto it, of another metal, and (qual weight, © 


Takeout one of the ſides of the body given, and pur it 05 
ver 1a the potnts belonging to his meral 3 To the varallel taken 
from berween the points Eclonging ro the other metal, Mall 
'vethelike fide, for'the body required, If it be an irregrtlar 


ody,le © the other like ſides be found.ourt in the fame manner. 


f* = 
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Letghe body given be a ſphere of lead containing in mag” 
nitude 16 d. whoſe diameter is A, to which I am to makea 
ſphere of iron, of equal weight : If Irakeout the diameter 
H, and put it over ittrhe points of & belonging to lead, the 

ralle] caken from-berween the poinrs of & ſtanding for 1ron 

Ilbe B, the diameter of the iron (phere required. And 
this compared with the other diameter, in the lines of Solids, 
will be foynJ tobe 23 4. in. magnitude. 


4 A body being ginen of one metal, to makg another 
| lths nnto it of another metal, according 
10 4 weight given, 


Fiſt find the ſides of a like body of cqual weight, then may 
we cither augment or diminiſh rhem according to the pro» 
portion given, by that which we ſhewed before1a the ſecond 
and third Prop, of SoBds. 

As if the body given werea ſphere of lead, whoſe diameter 
is A, and irwere required to find the diameter of a ſphere of 
iron, which ſhall weigh three times as much as the ſphere of 
lead: I rake A, and put it ayer in the points of Nh; his parallel 
taken from between the points of &, ſhall give meB for the 
diameter of an. equal ſphere of iron : if this þ: augmented 
in ſuch proportion as 1-unto 3, it giveth C for the diameter 


1 d. , 
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: CHAP. VL 
Of the lines on the eages of the Sear, 


Aving ſhewed ſome uſe of the lines 
H on the flat fides of the Seer > there 
remain onely thoſe on the edges And 
here one half of the outward edge is divi- 
ded into inches , and numbred accor- 
ding to their diſtance from the ends of the 
Seftor. As inthe Seftor of fourreen inches 
long, where we find 1 and 13, it ſheweth 
that diviſion to be 1 inch from the ncarer 
end, and 13 inches from the farther end of 
the Seftor- 

The other balf containeth a line of leſ- 
ſer tangents, to whichthe gnomon is Ra- 
Jius.. They arc here corminuedro 75 gr, 
And if there be need topredute them tar- 
ther, take 45 out of thenutmber of degrees 
required, and double the remainder:{o the 
targent and ſecaxt of this double remainder 
beingadded » hall make upthe ravgent of 
the de ces required. 

As1it AB being the Radios, and BC 
the tangent line, it were required to find 
the tangent of 75 gr- If we take 45 gr. out 
of 75 gr. the remainder is 3o gr. and the 

60 gr. whoſe tangentis BD, and 
oh eg pork en we add ADrto 

)1t ma the rangent of 75 gr. 
which was required, In like ſort the fe. 
cantof 61 gr. added to the tangent of 61 
gx. g7yetht tangent of 75 gr. 30m, ard 
the ſecant of 64 87+ added co the tangent 
of 62 4 giveth the tangent of 76 gr, and 
ſo inthe reſt, The uſe of this.line may 


To 


Of the lines 01 the edges of the Sector, 
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146 The uſeof thi lefſerTangtut- 
To obſerve the latitwde of the Sun, 


Hold th :Sefor fo asthe rangent BC _y be vertical, and 
thegzomon BA parallel torhe horizon; then urn the gao- 
mon teward the Sun, ſothat ir may caſt a ſhadow up>n the 
rangent, and the end of the ſhadow ſhall ſhew the altitude of 
the Sun, So it the end of the gnomon at A, do give a ſhadow 
uno H, it ſheweth thatthe altitude is 38 gr. it unto D,then 
& gr. and ſo ia the reſt. 

Fhere is another uſe of this tangent linc, for the drawing 
of the hour lines upon an ordinary plane, whereof I will ſer 


down theſe propoſitions, 
1 To draw the hour lintt upon an horizontal plane, 
To draw the hour lines upon 4 direft vertical plane, 


Firſt drawa right line 4 C for the horizon and the equa» 
tor , and crofle it art the point A about the middle of the line 


with A B another right line, which may ſerve for the meri- - 


dian andthe hour of 12; then take out 15 gr. out of the ran- 
gents, and prick them down inthe equator on both ſides from 
I 2 : {o the one point ſhall ſcrve for the hour of 11, and the 0- 
ther for the hour of 1. Again, take out the tangent of 30 gr, 
and prick it down inthe equator on both ſides from 12 : ſothe 
one of theſe points ſhall ſerve for the hour of 16, and the other 
for the bour of 2. In like manner may you prick down the 
tangent of 45 87. for the hours of g and 3 and the tangent of 
60 gr. for the hours of 8 and 4, andthe tangent of 75 gr. for 
the howrs of 7 and 5, 


Or if any pleaſe croſet dowa the parts of an hqur, he may al- - 


low 7 gr. 30 m, for eycry half hour, and 3 gr. 45 m- for cvcry 
quarter- This dene, you are to conſider the latitude of the 
place, and the quality of the plane. So the ſecs: of the lati- 
- rude ſhall be the ſemidiameter in a vertical plane, and the ſec- 
cant of the complement of the latitude in an horizontal plane. 

For example, about London the latitade is 51 gr, 30m and 
letthe plane be vertical.” If yourake A V the ſecant of 51 gr. 
30 2. out of the Seftor, and prick it down in the meridian line 


from A unto V, the point V ſhall be the center + and S you 
raw 


I 


ft 
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_ draw right lines from V unto 11., and 10, and che reſt of the | 
they ſhall be the; hour lines required. F 
| El the plane be horizontall, then you are totake out A? 
H the (ecantof 38 gr. 30 w. for the ſemidiameter » and prick 
ic ddwn.int idian line from A unto H; ſo ther 
lines drawn fromthe center H unto the hour points, 
the hour lines xequired ; oncly* the hour of 6 is wanting, and 
; thaz muſta]waics bedrawn parallel to the equator , through 
| o vow in a yertical, through the center H in an horizon 
tal plane 
his being done, it youſer the lines A H, HV, toa right 
angle (H A V) the rightlioe H V the baſe of this triangle 
be the axis of the ſtyle for cither plain. 
3 Todraw the howr lines on a poler plane. 
4 T's draw the hour lines on a meridian plane. 

In a polar plane the equator may be alſo the ſame withthe } 
horizontal line, and the hour points may be pricked on as be | 
fore, butthe hour lines muſt be drawn paralle] to the meri- 

jan. 

Inthe meridian plane the equator will cut the horizontal 
line with anangle equal to the complement of the latitude of 
the place; then may you make choiſe of the point A , and 
there croſſe the equator with a right line , which may ſerve 
for the hour of. 6 : ſo rhe tangent of 15 gr. being ricked down 

s in the equator on both ſides from 6, fhall ſerve for the hours 

E » of five and 7 ; and the tangent of 3ogr, for the hours of 

| $ and 4 and the tangent of 45 yy. tons hours of 3 and 9: 
and the tangent of 60 gr: forthe hours of 2 and To; and t 

, tangent of 75 gr. forthe hours of 1 and +1. And if you dra 
right lines through theſe hour points, crofling theequator i 
right angth they ſhall be the _ line required: 

he {ubftylar will be the (ame with the hour of 12 inthe 

Polar plane, and with the hour of 6 in rhe Meridian plane: 

the axisot-rhe ſtile may be parallel to the (ubſtflar in cither 

ghar ocnedign ro the diſtance of the third hour from «hc 
ar. 


$5 To draw the hour lines in 4 vertical declining plane, | 
Firſt, draw A Y the mcridian, and AE the horizontal line 
yn oh. 5 0 
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crofing one the other at right angles in che point A* 

2 Thentake out A V, che ſecant of the latitude of the place, 
which you may ſuppoſe t'» be. 51 $39. and prick it dun, 
in the merjaian line from A unto V. Tour ſy, 4 =5ng 

3 Becaulc it is a declining plane, and you may ſuppoſe ir'to 

= decline 


fircbedes | 


4 Take AH, theſecanc of the complement of the latitude 
out of the SeF#or, and prick-ic down in the line of declination 
from A unto H, as you did before for the ſemidiameter in the 
horizontal plane. 

5 Draw a line at full length chr thepoint A , which: 

_ muſtbe perpendicular unto.A H, and cut the horizontal line 
accordingtothe ragles of declination , and it willbe as the e 
quator in the horizontal plane. .. 

6 Takethe hour poiats out of the Taxgent line in the Seftor 
and prick them down in this equator on both ſides trom the: 
hour of 12.at A. 

4 7 Lay your ruler , anddraw right lines through the center 
H, and cach of theſe hour points : ſo have you all. the hous 
lines of an horizontal plane, onely the hour of 6 is wanting, 
and that may be drawn thyough H perpendicular to HA. 

Laſtly , you are to obſerve and marke the interſeRions,, 
which theſe hours lines do make with A.E the horizontal line- 
of the plane: and then if you draw right lines through che. 
center V.andeachof theſe interſeRions, they ſhall be the hour: 
lines required. ; 

The line H F draw up tothe horizon and paral/el to the: 
meridian , will give the ſubſtilar V F: The lineF G drawn; 

icular to VF and cqualto FH, will-give V G, the. 

- axis of the ſtile. 


. 6 To prick, down the hour points another way. 


Having drawn a right line for the equator as before , and' 
made choite of the yon A, for the hour of 12 : you mayar 
pleabng err yaone) lines A 10, and A.2, Then upon the: 
M4 


© It oY EE 


em ns 


iſtance berween'rs'and.2, make an cquilateral triangle, and 
ou have B for the center of your equator , and the line 
A B ſhall give the diftante from A to g,and from Aro 3. That 
dong, take out.the diſtance berween 9 and 3, and this ſhall goo 
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- thee diftance from Bunto 8, and from 8 unto 7, and from 8 
unto.1 « and again from Bunto 4 , and from 4unto 5, and. 
from 4 unto 12, $0 have ou the hour poines, and it you take. 
out thediftance B 1, B 3, B 5, 8&c. Youmay find the points nor 
onely for the half hours, bur alſo for the quators. 

But if ir _= fallout, I of wo __ yin fall ont 
of your plane, you-may: help your (elf by the larger tangent, 

in the ad and! horizantal planes.. _ 

For if atthe hour points of 3 and 9, in ſchem. p, 147 you 
draw occult lines parallel! crothe meridian; the diſtances D'C 
berween the hour line of. 6, and the hour points of 3 and 9, 
will be equal to the ſemidiameter A V ina vertical, and A H' 
ina horizontal-plave;, and if they be divided in ſuch ſort as 
the line AC is divided, you ſhall havethe points of 4, and 5, 
and-7, and 8, with their halfs and quarters. 

Asin the horizontal plane, take out the ſemidiameter A H, 
and make ita parallel Radius by fitting it over inthe fc: of 
go and got: Then take 15 gr. ortot the larger ta»gent and lay 
them on the lines of ſ»es, where A reach from the cen- 
ter unto the fines of 15 gr, 32 »-t ore take out the pa-- 
rallel ſine of 15 gr. 32 », and it ſhall give the diſtance from 6 
unto 5, and from 6 unto 7, in your horizontal plane. Thar 
done, take out 3ogr. out of the larger tangeat, and lay them. 
an the ſizes, from the center nato the fines of 35, gr; 16 w.. 
and the parallel ſine of: 35 gr. 16 », ſhall give you the diſtance. 
from 6unto 44and from's unto8, in your horizontal p/anc. 
The like may be done for the halt hours and quarters, 

So alſo in the vertieal declining plane. If youhrſt take our 
the ſecantof the: declination of the plane, and prick ic down 
in the horizontal line from A-untoE ,.and through E draw 
right lines parallel ro the meridian, which will cut the tor- 
mer hour lines of 2 and 9,or oneot chem inthe point C ; then 
take out the ſemidiamerer A V , and wrch it down in thicſe 

parallels from.C unto D, and draw right lines from A unto C, 


and from V unto D, theline V D ſhall be the hour of 6.'ang: 
if you divide theſe lines ACand' DC, in fuch ſort as you 
divided the like line D Cin the horizontal plane, you ſhalt 
have all the hour points required.. 


Or- 


X A ad 


We _ Thenfl of ielofer Tangent, 
Of ju Hh fie point Din tho due of 6: 
i 


owhec of H or C. Por havingyprickrdomwn 
I 
drawn parallels ro the ticridian through the points at E, 
may a = the tangent of thelatitude our of the SefForg and 54 
over in the fines of 90 and 99: fothe parallel! fine of the;de« 
clination meafured in the ſame tangent line , ſhall there ſhew 
the complement of the: angle D V A , which the hour line 
of 6 maketh with che meridian; then having the poine D, 
take out the ſemidiameter V A, and rm down in thoſe pa» 
rallels.from D unto C : ſoſhall you have the: lines D C aad A 
C ta be dividedas before. $48 : 

The like might be uſed' for” the hour. lines upon all other 
planes. Bur 1 muſt not wrice all that maybe done by the Se- 
ter, . It may ſuffice that Thave wrote ſomething of the uſe of 
each line, and rhereby given the ingenuous Reader occaſion 
ro. think of mere, | 


The concluſion to the Reader. 


JT's well knows to any of you; that this Selorwas thus contrived, 

the moſt part of this book written in Latin, many copte tranſoribed 
and diſperſed merethen fixtern yours ſince, I am «t the laft contented 
to give way that it tome or in Engliſh. Not that 1 think, it worthy 
either of miy labour or the publique view , but partly 10 ſatirfie thee 
importunity, who not nnder handing the Latine, yet were at the charge 
to buy. the inſlaneent, and partly for my own eaſe-' For as it is painfull 
for arhtrs totranſcribe my copie, ſo ut is ——_ for me to give {4+ 
tisfaftion hertin to al) that de fire it, If I fiad this to give you coment yt 
ſhall inconrage me to do the liky for my Grofle-ſtafie, and ſome other 
inſt. ruments, 1n the mean time bear withche Prixcers fauttt , and ſo 
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CHAP. 1. 
.Of the Sefor in General. 


Monſt the many writers that have been upon the 
Sefor, Mr. Gunter hath done beſt} the lines of his inſtru- 
ment being moſt in 'number , and of the moſt formal 

; contrivance, and'mofſt largely commented upon : yet 
{ore inconvenienceshave been found inthe uſe of that inftru- 
ment : Partly becauſc his lines of Tawgents, Secants, and Rumbs 
or Meridional parts come not from the center,and ſo could not 
in all caſes with convenſence admit of proportional works ; 
and partly becauſe he had no line of verſed fines, (of which in 
his book there is good uſe, and might have been much more.) 
bur inſtead thereof he is compelled to uſe the line of right 
fines, which is but half of the whole ſcale of verſed fines, and 
beſides the parts of it ſtand the contrary way , ſo.that the fir- 
ting of the proportional terms whereby to work with halt the 
ſcale inſtead of the whole, and then the application of the 
parts from 'one endto the other , will be not a lictle trouble» 
ſome, | y Ta 


) 


£4 


5 Mr. Samuel Foſter bir: A 
emedy theſe and orher likedefefts , Ihave the: 
form of the oncemore.. PS 
, by diminiſhic the number of theoldſcalcs; forin» - 


2, By raking the Meridian line quite away 3.and ſrpplying; ©: 
the uſe by other means-- © 
3- By bringing-the ſcales of. Tngents and Secants to the? 
center; - ; _—_— 

+ By ane the Verſed fines, and ſotne other ſcales: 
of good uſe; | 

$- And by changing the form of working upon thi icftrus. 
rftear, of all beth Fſhall give att accompr inchisfob- 
lowing..treatiſe : but firſt it will be requiſite ro deſcribe the: 
c_ and diſpoſition of the lines, how:cach of them is to be: 
P. T +7 


CHA P. Il. 


X eas in other SeRors there are alwaies two lines of 
/V one kind, upon each leg; one, anſwering to the like 
ſcale upon the other leg, wn this there is bur one line of 
one kind, from whence-itcomes to paſs , that-one ſide or flat 
of this Sc&or holds allthe ſcales that are drawn from thegen-- 
rer, and do fill up both ſides of che other, and by rhis means. 
the orher {ide is tree. for other ſcales. 
Uponons leg therefore of the firſt fidgare :- 
7. Alineot Ci" arts. Ty 
2. A lineof. Solids - an; between theſe two (cales avd the 
edge, there are inſerted two particular ſcales more. Namely, 
F Of Equael bodies with ſcale of Merals. $6 
4. Of Aquat ics with a [calc of:Metals. ain, uþoa 
the other leg , there are: "0 pn 
5. The lines of Sines. 
6. The line of Syperficies, and berwecn them two (cal 
and the edpe are ſriſcribed two other particular (calcs : as. 
7. The line of. Quadrature, And, 
$. Segments. All theſe ſcales are drawn from the Center, 
and being mcaſurcd from .chence, arc all of one lengrn : | 
and... 


bo 
Y 
: 


.*So 
"many lines of ſcales, coming from the'Ceater, as were bc- 
fore on both fi 


I 


Geerathon of ihe Seder: 4 


F hid do'lic at ſuch angles one-froam another, and to the 


: Setor, will give them convenient diſtance, 
- ne fide of the ;aſtrum.car doth now containſo 


des. 
the fecond fide of the Seftor are four ſcales, two up- 
peer be and two upon'the other. As namely upon one 


i, Verſed fines, with a Zodiack linc annexcd to it. 

10. Aline of Tangents going up to 63, g- 26, min, 

11. Alineof Secancs going upto 60 gr. 

12, Alineof C cage going _=_ 90 gr. 

All theſe are drawn from the Center, -and all of on 

1 with thoſe on the other fide of the inftrument. 
Ls oe the Verſcd Tang. and Secant lines are juſt halfc of 
the whole inſcribed lines , and ſo will be of very good uſe in 
the working of proportions , and in the projecting of the 
ſphere very con 100S- 

The ary pe cach ſcale may be made by thoſe ta- 
bles; and in that manner that Mr. Gzster hath directed, 
Between theſe four ſcales may be placed other ſcales of 

uſe, tending towards (though not running up to) rhe 
enter, asa Tangent of three hours of good uſe in Nlling: 
.andother the like lines, 
Of the other lines inſcribed on the edges and ſpare 
places of the Seltor, 

If a rr be ae nendka ic __ fo uire ſome com» 
-petenc thickneſs, fo thee Wi arge enough to 
mera ſome nſeful ſcales alſo. - 

The Seftor then being opened,and ſo made a ſtreightrular; 
the outer edge hath inſcribed upon it the three uſual ſcales of 
Logarithmetical Numbers, Sines and Tangeots- The inner 
edge hath twe ſcales __ each leg , one pair of thoſe ſcales 
upon one leg, is ro find the mean Diameter, and one of them 
> divided into 14 equal parts, the other (of the ſame 
age with it ) is divided into 20 equal 'parts, cach of them 
{ubdivided decimally. The other pair of ſcales upon the other 
leg is alfo divided equally, one of them containing four parrs, 

V 2 Which 
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lengrh is divided into 4qoo parts; repreſenting inches of the 
former fcet, and each of- theſe repreſentarive, both feer and, + 
inches arc {ubdivided Decimally.” And again upon the two.” 
flat edges of the Scar thus opened ( neere the outer edge) 
ate inſcribed -twr' peculiar'Scales( upon one edge } of equal | 
partsfor Wine'and Ale -meafure- Upon the ocher flat {i 
aretwo Scales more Each equalto the other, both of ajulk 
toot in length; one is divided into 12 inches, and cach inch 
ſubdivided Decimally, the other is divided into 1» equall, 

arts, and cach of theny again into 10. | heſe two Scales ſerve 
bor true inch and true foot meaſure. 

ln this manner are the lines: diſpoſed, now tollows. . 


- CHAP. III. 
The generall uſe of the Seflor and the manner of 


working upon it, | 


*Hoſe works that are performed ' upon the other, Seftar 
/ when its ſhit;are alſo perform: d by this,an4 ia the yay” 
ſame manner. 

Bur the chief uſe of the SeRor is , by havingthree termes 
given to findea fourth proportional that the fourth may beto 
the third as the ſecond is to the firſt, And itthe ſecond & third 
rerms fall out to bz-the ſame, then che proportion is 
contineal, becauſe the fecond terme is twice repeated, andlo 
the next terme continued in the ſame proportion to it, that 
the (econd was to the firſt, But it the ſecond and third terms be 
diflcrent, then is the proportion called diſcontiaual , becaule 
the prpportion thar is between the firſt and the ſecond, though 
it'be-made good again, berween the third and th fourth, yetit" 
diſcontinued between the ſecond and the third terms, Now 
becauſe this kindeis moſt frequent, and- the former may be 
referred to this, (ifthe ſecond terme being twice repeated, Þ 
taken as two,namely,as the ſecond and third:) I whl ſhew in 
general, how by three torms given inany kind;to find a 4: 


How by three terms given in any kind, to finde a fourth, 
Firſt, diſpoſe the three texmes giyen (o, as. that when they 
AY! ate- 


which are to repreſent feet, and the other being 'of the i 
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of &ivers kinds, the firſt and the third may be of one kinde, - 
che ſecond and fourth of another, though this diſpoſition 
be not alwayes neceſſaty.yet for the working. upon the Se- 
Ror it will tor the moſt part be convenient, 

When the termes are ſo ordered there will three things 
hence follow - The firſt will be ro know upon what Scale the 
work will beperformed, whenthe-termes are not all of one 
kinde;the other two will be rales and diretions in what man- 
ner to work. = . | 

Firſt, therefore you muſt refer cach of the two firſt rermes 
to its proper ſcale , then comparing the ({econd term with the 
firſt , ſee which of them is greateſt : For upon that (calc to 
which the longeſt of therwo terms belongeth, muſt the whole 
work be performed, Thenthetwo rules for che manner of 
working are theſe, 


* 2, If the ſecomdterm be leffe thanthe firſt, you muſt then 
count the firſt and rhe third terms (being both of one kind) 
Jaterally upon their proper ſcale, and the ſecond term being 
taken out of his proper ſcale, and put over parallelly inthe 
term of the firſt, ſhall open the leg-of the Seor ſo; as the 
fourth term may alſo beraken parallelly over trom the term 
of thethird; and being ſoraken , it muſt be meaſured upon 
the ſcale from'whence' the ſecond term was taken, and (oir 
ſhall rggeive irs juſt value. 


2, Bur if che ſecond term be greater than the firſt; you 
muſt then count the ſecond laterally, and in the term of ir 
over the firſt paralleUy, each being taken in his proper 
cale, and this work ſhall opca the legs of the SeRtor (0, as 
that the third term being taken our of the ſame ſcale with the 
firſt, and entred parallelly , ſhall ſtay in that point of the 
ſcale on which/the ſecond term was counted, and will give 
the quantity of the fourth term required. 


C The manner of working then ingeneral , according 
totheſe two rules, will be this ; 


, Inhe- fiſt caſe,, where: the, ſecond term is lefſe on the 
| rit, 
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firſt, let AD be the firſt term',' D G rhe ſecond, and A Bri. 
.  * * | 


third. 
with your Compaſles take the ſecond term, 'which we ſup» 


(poſe 'to be D G.., and 
A hd that. 
exrent in D , the end. 
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Coum AD the firſt term, upon his proper ſcale , thaw; 


, 


G— —D 6 the firſt; "turnthe 6+ 


ther foot abour, 'and © 
till the foot -being turn» 


EG, do onely touch 
| ſome one line ih 


'true atgle for this work» Again, upon 


'whereon the firſt cerm was numbred,, count the third term © 


A B; and laſtly from B, the extremity the 


thereof » take 
leaſt diſtance fromthe ſcale A G , as here is expreſſed by B p 


So ſhall BF be the length of the fourth tera, this Jine B 
therefore being meaſured upon the ſame ſcale from Whence 
the ſecond term D G was taken , ſhall givethe quantiry of the 
fourth term required. | 

Or if AB had bcen' the firſt texm, and B'F the ſecond 
rnen the Seftor muſt have been qpened by putting over B 
from che term B (ill che atk or motion bf 'the toor of the 
Compaſſes) E F,hac onely tonched theline AF. And when'the 
legs of the Ser are ſo opened connt AD'the thirdrerm upon 
the ſame (cale whereon t firſt rerm A'B was counted ,' and 
from the extremiry of. it, atD , take 
the ſameleg AF, which here wilBED'E,, ſo ſhall D G:(be- 
ing meaſured upori the ſatne ſcale of the fecond'term) give 
the quaotley of the fourth term required. _ * 

1a the ſecond caſe, when the ſerond term is-greater Go 

t 


'pen or ſhut rhe Seftor, 
ed about 'in- the ark 
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the leaſt diſtance from , 
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feſt. DG te the firſt and ADthe ſecond, BF 
ov third , takethe firſt term D G ,. out of” his proper ſcale, 
and cottt AD cheTecond in his proper ſcale, then from D 
the exrtemity of the ſecond term , open the $eftor , making 
D G (when it is turned about in EG) onely to touch any 
oneſcaltin'the ether leg of the Sector , as 'A'G, when the 
the SeQor isthus opened, rake BF the third term , our of the 
fame ſcale front whetice the third term DG was taken 
(whichhisis proper fcale)and kreping one foot of the extend * 
alwayes upon the line AD , remove ittoor from the centre 
A's til! it tand fn ſome point of theline A D,, foas the o- 
cher |toot being grened abour inthe ark EF, may juſtly 
rotchthe line A G , aporrthe other leg, an&when you have 
fofmed it exactly, obſerve thepointin AD, in which che 
foot of the Compaſte refteth, which (i e to be the point 
potency AB give the quantity of the fourth term re+ 


Tor if BF had beer! the firſt, AB the fecond, and NG he third, 
then muſt the firſt BF, raken our of irs proper ſcale, have 
been (et upon Brhe extremity of the ſecond A B, and by it 
thelin& A'F G muſt have been opened ,. and this being done, 
cherhitd rerm DG being taken from rhe {ame (cale) from 
whetice the firſt rertmi'B F was raken) and fitted in till one 
foot of it ſtanding the ſcale A B, 'the other being turn- 
ed about'inthe ark E'G, will onely toachthe line AFinG, 
ſoſhall thepoint D, wherein then ir ſtands , give the quan- 
tity of the fourth rex required. 

This ny lerve tot a grneral view of the manner of work- 
ing vpon theſe ſingle {cales, and how one of a kind may 
ſeryeto pertorme any. work in this SeQor, as well as two 
have done formerly imother Seftors. 

As allo here may be ſeen che manner of lateral and paral- 
lelentrance, and finding known'and unknown quantitics : 
Ic may likewiſe be here what is rheant by theſe Phraſes. 

x, Opening the Seftor to any line, Hog , or diftance, - 
namely to open or ſhut oo A {ſcales upon ſeveral legvot the 
SeQtor , till one foot of thar length bring ſet in ſome poine: 
of one ſcale, theother foor when it'is ratned abour, may 
onely / 


ww a. 


'$ My; Samuchl Fofter hu : *Þ 
oper ronehs the other ſcale ,;71{0 as not $0.g0 beyond ne Z 


fall ſhort of It-.;; 1» 

2, By taking an jive, Tength | or diſtance, namely from 
ſome point pe bn the two opened ſcales Otaketholeaft . 
from the other ey Wh FR £1" 

3, Entring.any or diſtance, namelyto-carty. one 
foot of a Jevach taken in your 'Compaſle A _ ſcale 
(from or towards the centre).till.the other being turned a* 
bout, may juſtly reuch the other ſcale. Theſe terms are uſed 
ro avoid needleſig circumlocution, 

nan eg facther alſo be obſeryed that this way 0f wotki 
is more ſpeedy than that upon, other Seftoxs, as by a 


bp 


pranks will LOY be _ And Prat the truth of the . 


work will appear , if it be conſidered that in every 
work. thus noms ABFandADG arc two like Re- 
angles; as in.the other Seftor the work went __ two 
like equicrural ET Tk s in _ therefore the g 


the work is alike being grounded upon oy > 
litude of two plain triang on 


_ C Nowtothis oEcintn dircQion for working, Ibavend | 
ded exam veral kinds , whereby the rullepae 
fore. 9 better be underſtood , and 
Mr. Gantera ; forte Ae publiſhed in their wr Books 
,may the more caſily be applycd co this Inſtrument. 


CHAP... I V. 
Examples, ©. 
1: Three numbers 52, 39, 24; bring given, to find 4 fourth 
proportional, 


his is janet ge the, lige of equtal parts ,.and becauſe 

T the firſt -number is greater than-the ſecond , theretore 1 
count the F< ua r 52, upon the line of equal parts, 
and from the ſame linel rakethe ſecond term 39, and ſet it 
upon 52.» and turning the other toot about, I open the other 
legot the Sector, till rhe ſatae foor do juſtly wrh ſomes ons 
inc 


:ahteranzon of the Sear, 9 
6h other leg of the Seor which iſſueth from the 
ins 02 po ko noſe beyond it, nor falling ſhorr of it, ſo are 
thoſe two ſcales opened firly'to performe the work, then I 
cont the third term of 24 upon the- ſaid line of lines, and 
from the end of it torhe ſameScale on the other leg, 1 rake 
the leaſt diſtavce , thisbeing meaſnred inthe {cate of tines, 
giveth 18 for the fourth rerm z .ſothat as52 is tO 39, (o 24 
Iv, , 
9 Bui it the given numbers had ſtood thus': As 24 to 52, ſo 
1$ to what? here becauſe the ſecond number is greater than 
the firſt , Itake 24 out of theline of lines, and fer one foot 
"of it in 52 counted upon the ſameline, and Lopen or ſhut 
the other leg of the Ser , till the other foot being turned 
about,will oncly couch ſome one line on the other leg of the 
Sector which iflueth from the centre: When the SeQor is 
thus opened , 1take the thir4 number 18, out of the line of 
lines , and keeping one foot alwayes upon the line of lines, 1 
retnove ir ſo nga the other foor being turned abour , will 
onely touch rhe tortner line on the other leg : Then ſhall 
find ic ro ſtay upon rhe line of lines, at the nucuber 39, which 
is the fourth proportional. PL j 
ln the ſame manner all proportions in numbers may be 
wrought by the lines of Solids and Superficies. Bur it you had 
three lines given, and were to find a fourth propertional line, 
you muſt then work upon the line of lines onely, 


2 Three Sine: bring given, to find a fourth proportional Sine, 


'T His is to be wrought upon the line of {ines onely. 

the ſities given be 90, 30,and 233; herebecauſe the fiſt 
rexm is greater ; therefore 1 muſt work by the firſt rule ; and 
{o thefourth term being taken and meaſured upon the line of 
hon - will be the fine a 1 1 27. required, 

ut if the Sines were of 36, 72; 18 gr-then work by the (c- 
cond rule, becauſe the ſecond term is greater than the firſt, 
ſo ſhall your compaſles ſtand at the laſt of your work, ar the 
fine of 30 gr. Or becauſc all the fonr terms are of onc 
kind, you may change the places of the (ccord and third, 

S x 


thus 


ro #11: Same! Foſter bis 
thus : 36, 18, 72, and fo-working: accordingly by tlie itt” 
rule (becauſc ter rermy is greater than the ſecond) 'yoy: 
fhall find che fourth proportionalſine to be.3 o gr. as before, * 


C ln: this manner you; muſt work when- all the four 
terms are of one kind , and ſo weangnrupey - one 
ſcale alone. Burif the rerms be of ſeveral ſorts,. 
then muſt rwo of the four. terms-be taken from 
oae (cale, and rwo from another, As in.the ex» 
amples. following will appear. 


3 A+ the fine of bo gr, is to the unmbcr 351, [6 the fine of 4% ts 


what number ? 


JN ſottrions of this kiad” (becauſe the firſt and ſecond, and: 
alſorhe third and fourth, are counted upon ſeveral ſcales, 

as here the firſt and th 
and rhe ſecond and-f 
:- You mult firſt 


fine of Oye nn 60 is 
the lateral work muſt be done 


wherefore in this .cxample take 35 our of the 

parts, and with one foot of char leogeh fet in 

open the other leg till chat cxrent will j 
» the Seftor boiag ſo opened , ta | | 

he lcaſt diftance , ro the former line on the oherey mY 

diſtance. meaſured upon the ſcals of equal parts, givc 


the ſine of. 48 ro what? Here if you meaſure the number 99 | 
longeſt extenz. Sothat, now.the lateral work muſt be vpon- | 


| dlteration of the Seer. It 
he line of lines; Itake thercfore the fine'of 60 out of the 
dn ſerring one fooot of that extent upon the number 
goin the equal parts, with the other foot turned abour , ! 
open.the re till I ſee the fame foot onely to touch 
ſome one line on the other leg of the Sector , which iſſucrh 


fromthe centre. 


C Note that whartline ſocverT begin to work with , 1 
muſt be ſure alwayes to continue and end with the 
ſame, bur that line on the other leg ; which lycrh 
nexr the inaer cdg of the Seftor , is alwaycs moſt 


conyenicnt. 


Then again Ttake the fine of 48, and keeping one foot of 
tharemnone comienelly n the line of lines, 1 remove'the 
{ame rill.1 find the orher toot juſtly ro touch-the former Jine 
onthe other leg ; and then I fee the ather foor rorftay 
the line of lines on the number 77; , which is the namhber. 


ſoughr, 


Asthe fine of 60, i; jo the tangent of 55/.9v. So the fing 
. te the tangent of what arkt v3 


Irft, to know upon'what line to'work , 1 rake the tan- 
Pens $5 gr. andſcr itrothe fine of 60 gr. and becauſcT 
{ce the ſince of 60'to be the greater, lknow that the work 
muſt be done upon the line of fines. And by the firſt Ru: 
accordingly therefore T take the rangene of 55 2”. and from 
the fine of 601 open the Setorto ſome one line on the other 
leg of the Setor , which iffuerh from the cencre , according 
to'that extent ; then I take the leaſt diſtance from the fine of 

; 5otothe former line on the other leg , and meaſuring irupn 
_ gent, + 3 tome the rangent of 512, which 
> | 


Bur if the terms were as the ſine of 40 is ro the tangent of 
55 g7+ ſois the {inc of 50 to what? Then meaſurig the 
rangent of 55 gr. pon the line of fines, and findiog the 
firſt ter 40 to be lefler}, Tee thar the work muſt be Yone 
upon the lincot Tangenes :, VeRgons I rake the firk term 


C 2 the 
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the linc of 49 7 and ſetting one foot of thar extent upon the, | 
tangentof 55, by turning the other foot of the Compaſles, þ 
openthe other leg of the , till the other foot do july, 
rouch-ſome one line onthe other leg of che Setor , which iſe 
faech from the center , then I take the ſecond term , the 
of 50 gr. and (ſetting one foot of that extent u the ſcale 
tangents _. untilthe other foot beingturned , Will i 
ronch the former line on the other leg : I find the Compaſtc - 
to ſtay upon the tang. of 59; gr. whic I the rang. required. .- 

ore Nee may be one upon the fines and ſecants, or tans. 
gents or ſecants, when any ſuch quettion ſhall be required. 
And rhe like may be done in tangents and numbers, or equal 
parts, by rhe rh uſe of theſe two ſcales , which is frequent 
12 menſurations.of upright buildings, 


5 Having three nampers \ to figd « fourth in dophien oe 
* portion, 


$ or wark isperformed by the wo ſcales of luperficies 
nd lines fore uſed, Let the py. be as 32 to + 


ſo64ro what number in aduplicarcd ion ?. hete 
wo firſt terms are of one kind , -and. the twa. latter: 
oro be of Sinedet Wherefore | I now. . 
ſcale ro wark,. it wi to change the places of r 
a woke ird terms, that ſo the firſt. and third may be of 0 
kind, avalſa the ſecond and fourth. Thus as 32 to 64, fo 
wht hat, Now-in. this Spoon of. LITRG yes uſt 
re. 32 (taken our of (he. gen] Har $)-upon the 06h 
ies, and ſo doing you ſhall find. IR far ſhort of, 
the perbces, 64.» the (econd term; therefore ir is. evideat the. 
work myſt be pens i my operinies, ſothat [ cake. 
3z fromthe line of ad purting _ Grenci bes | 
cxccht yp>n 64, in.che PA aperl il I 
Seftor ro ſome one line onthe per legot 
iflucth fromthe center, Then again, 1 t: e the, fear ich num-. 


ber 24 out of the line ot lincs,, and emer it t pagalely wp © 
the. fuperficies.and the former-ljnc oa the other leg 

manner thar hath been ſhe wed belore) and Liin3 is F- tay 

36 the line of luperhicies 2.50 that 1-cenclude; as 32 to x: 


alteratron- of the 84; 


1. 
64-to 36 in duplicated proportion. T har is, ſo is the ſq _ 
Y, 64 4 (rarely 6) to the ſquare root of 36 (namely 5) in a 


- of Having rwenumber;, te find 4 mean proportional, 


Tiiis is performed by the j Fj ro of \ upericies lines: 
Let the nymbers} pad gr Fir Firſt, counts 
6rft number 20 upon the line of oper $, then 1 


ſame number 20 out of:the. line,of , With this ag! 

open the Setor RR bo 3918 Hoe of Inge 

to {ome one line on the.other m %s 
ie ren maker po 


center; akerwargs Icount 4 $ the 

the ſame line of ſuperficies; and 

leaſt diſtance to the former-line 0n —_ otherieg, this por | 
pan hs —_ lines , gives 30 fora mean proportional. 

67 ray” Jive y hed YH «6 PAs 


; the Scales of equ part 
phe pron joyntly ta 7 To 
Asss to NE x0! nper 


?, Here again 


The The rerms Ez 


= yt rey MenCty 
"0 Re ns _OmK weoe-05 100 


equal parts, with the other tur 
to ſome one line 0n thevother] urls ed open an I one 


foot of the Compaſſes upon $5 inthe line of lines, and from 
thence take the leaſt diſtarica..ro:thie driver line on the other 
leg, that diſtance meaſured upon the line of ſolids, ſhews 5 12: 
$0 Iconclude that ; pn yy »10is:125 to 512 i104 rrj- 
oo 2 ame) ah I ROS 53is 10i88, Ne cubiq mn 
s _—_ Or 513 namely 
iviimple proportions STOTveTcT 6: Pry op 
8. Ha 


- -o 
upon: 
te 


4 Mr;Samucl Folter bis 
Y Having two numbir: A to find 11> Nl proportional, 


is is done upt line of 
Tents on we olids and 


a the poine 5#3' fn the 
EF fiocs. Theo from 


= 


line of ſoli 
in the line 


© Theſe cghtexampls may fr 
2-1 | Jaiis hoptt wick pres 
x ly for hate 


= 


"of ſhewed) > mi- 
Rakes are caſily made by that numeration ; therefore i m_ 


_ &F 


& 
# 


| aeration of the SeBer, ”; 
| be more convenient to uſe the chosds theraſelves, The uſes 


- arechicfly 


: Tofind any chord , or to ſctoff any ark or angle, upon 
a circle , whoſc Radiuvis given» 


Ha ius and any chord or ark aſſigned , to find 
ME eons chad ſubrendeth. Gen, 
3 By havin bord , tofind the Radius ac- 
code e9 wh the aligned chord isto be eſtimared; 
- 1 The line of chord: & numbrid ap to 90, andwill therefore ſet off 


or meaſure avy ark, within go gr - Bit if the ark;be mere, it muſt 
do it 4s twice oy wore tins | 


fvs 79 of from B to E 60 gr. more; which toge-- 
ther do make up 139 gr, and ſothole arks that hs 
eroftarthie os fo : & at acc greater 


may 


: 
ie Mad CO ITS 
o 


Boa: 
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2. Having the Radius D A, and the Chord «A B afigacd, Twenty. 
krow to whatuenber of degree, that Chord anſwereth, _ 


Therefore the line of Chords, as before, tothe Ra- 
Jagra.D.a then cnterthe Chord B A between the Scale 


ome one line on the other leg of the, Selb, 
Wy erate PE CANET. orrenney it s play upon 79 
degrees: A'Bis a Chord ces, being referred 
cothe Radius D A. F 4 * T' 


- t39; which gy 


AE,foitA > greater ark chenyou 


hal 


it is effimated to beſuch a 

ale fhexrcess leforhediyo, therefore the 

becalic; For it A B over in 79 in the line 

6, then I [boin _ (rightly raken over) 

ivethe Radi ui | 

- "Bur if the Chord AE were given, and counted as ſubcend- 

ingthe 1 39 gr- then it will not be ſo cafie, for it the lige of 
| ds be uſed, there will be need of protration. The 


therefore will be to do irupoa the line of Sincs, thy 
Ta half the Chord' A E, namely, A pre? count rm 
the Sine of half r 39 gr. that is, 695 gr. ſo putting over 
lergth A Fin the finc of 69% gr. you may from go rakeoffthe | 
Ragius required, | 


Note,” | 


etcrationyf, the Seffor, b7 
«Note that. if it be-requirey to, open any two lines of the 


Sector to.any number of gr4 cls cher, 95, or if whenthe lincs 
Med it ber aired ro kaow at what angle they ſtand. 
Thea it wi bc the beſt hdres the Scale hw in hls 
n alg very ac natha POINT At th! very Cxtre- 

Arey of Ie it you ek? any Sine our of che” Seale of 
Sines, without the torementioned doubling of the Numbers; 
and from the cxrremity of one lige, doenter that fine accor- 
ding to the leaſt diſtance fromthe other line, then ſhall thoſe 
two lines ſtand atthe angle required. - 4 
Or if from the extremiry. of one line, you take the leaſt 
diſtance of the other , the ſame meaſured upon the line of 


ſhewes the, angleat Which theſe two lines ſtand. .Or for 
A of he Ns ncedful you may uſe. the way thar 
Maſter Guater ſhewes, /ib.2.c ,2- 6.053, (69 
38893? 30d; math bore nuipsAat: :: 1 IEET: Elke » 
w \ £611 CN. 623G CHA P, VL 7 © 


® 
ow { "IST 7 : 
4 ED & : 


of the Tangents and Secauty. ; «9 \ 


jcQidns, and fot Dialling co any bigneſs greater or (mal< 
*—cr, ( of which ſee Maſter Cunt Books ard Pro- 
JeAtions of the Sphere,and of Dialling by the Seftor;and other 
wayes by a double Tangent of 4 5, Hicrciinng theſe two pro» 
poſitions tend. I 


Bit 5 other,oſcs of cheſe' two Scales; they ferv&for Poa, 


. . 
= 


I. Having any line given, ara known T angentyor Stcant : To finde 
the Readies belonging to it. Ms m 


Gneeor I would know to what Radius any pivyen linc 
| thould repreſent a Tangent of 4o gr. Itake the line given 
and {er one toot of it in 40, in the Teate of Tangents:; And 
fromit 1open the SeRtor to ſome one line on other leg 
which jſfueth from the Center, according ro_the leaſt di- 
itance, Then from the Tangent of 45 ( which js.equal- to 
the Radius) I rake the Jeaft diſtance' ro the torther line 

7, I EN ted 


= 4 
. th ” 
PO a 
3 
- £4 
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on oh other legs, and that is.the e Rudin requet” | 
Radio is underſtood. to be ar Actor ao | 


Myc Bs fade any, Tangent or Soeame hehe 


Tk calic and like the oo, it firſt che Scttor be 
Opened to the Radius, 8c 


COROLLARY. 


By theſe tive 4 way m4) be found, bow. by having 4 nem nf 
any Secant tr Sine bilenging to Chop! 


y be | Thy: 

And ſoto aRadiusofavy len may proportion any” 
Sine, Tangent or Sceant- . A ther prickiag. 4 
the dhage pate in [Nats 55 Tangent of. 15, 30, 45, wld 
60 will be of frequentule. . And if the Tangent or 
| not far coough extended, Mr. Guater hath given: 


CHAP. VII. 


How to ſupply the Meridian line or line of Ruanbs 
the Scale of Soc ants. F 4. 


I. How to makg 4 Sta-Cart, after Mercators projefiion, < 
propolitioni is the chick; yr the Meridian line upon- 
dp rote he pe, coleepning ry avigation , and San lineage 
Sir bis propoſition. And this is 
Ly gy the lags .of.. Secants, "For if it were roo 


ThZ 


alteration of the TvBor, 19 
co'projet ſuch a Chart as is in his book, Having drain 
kioline A B, and croſfed it 'with the Ponies 5O = 50, at 
right angles, you mvuſtther take the Secant of 51 gy. from 
the Seor opened tothe length you defire, according co the 
teaſt diſtance,(the'manner hath becn ſhewed: 

already, ) and fer from 5oto 31, on both ſides of the Chart, 
and draw $r and 51: &gain, takethe Secanr of 52, from the 
SeFor, and 'fer it upon the Chart from 51to 52,and'ſo draw 


the Parallel 52, 52. And thus you Make cabof 
the Parallels. Then forthe divifions or Meri 1 


;ans of the line 
B C, they are all equalleo the Radius, jt therctore you rake 
the Radius, and turne itabove and below 


ou ſhall make 
the ſpaces or diſtances of rhe Mecidians, ſuch + inthe botrom 
-of his Chart are 


duitions of the Meridian, then inſtead of the Secants 
3.You ma take A. = $24- alwaycs halt a gr. leſs *_ the 
{cricude is to in. 


3.. The aſe: of the <—h07 wh ragday; propoſitions that ceeu- 
cern Navigation, are [ot down r, Gunter lib, aq 
bis 584+ which may be bere alſo dane, ws 


' He manner of working upon the Chart f which is the 
beſt way )his direRtions Will ſhew, and how to work them 
npon.this $c&or, the fortner dirtions in this treatiſe will be 
ſufficient, So by this means The ute of che Meridian line is 
fully ſupplicd. becauſe each Degree may be very large,which 
ia che ocher Seftor could not be fo withour each part many 
times repeated, which thing Will produce as much ctrour as 
this way by the ſecancs can do: 
Dd 2 CHAP 


Mr. Samuel Fofterbis. : 
CH A's VI, \ 
The uſt: of the” Lane of, Pereſed Stnes, ' + | 
*He uſe of ie $ nerall as much asthe fourth Aziom' 
bericall Oo ponmbers Wherefore, | will firſt ſhew we 
two caſes of that Axiom. may be performed by this 


line. "Apd afterwards how ſome particular ar Problcmes o | 
more froquect” uſe may by gretpevucd. | 


Hovis detof a $ he vAngle 
r, opp mt reeds [4 cpa 


Frit,finde the ſam and difference of the two ſides or 
then couge thar um and - di 


"he Conn aferwandrwontie . = pr the angle - 
. ISL take the. leaſt : 
Lexie it to-the former line-00. ache leg leg, 


bei rey pp as fg legs. upon | 
-"'v ale wie ives the baſe re | 


So if he legs were 38 gr-30'a noo their ſum, would 
1 33 gr. 30; their difference would be 56 gr- 30's Aud wy 
the diſtance on theſe being taken, andthe Seftor ,ope 
poriones poſe the vertica)l Angle were 75 gr. nie 
ec ke ths teaſt diſtance; to the former ling ga 
other try, - -andſetthar" diſtance on the vecſed Salk trop 
_ difference 56 gr-'39' numbred thereon, ip will f po 
874;44-1Woigly 1s the THP'YY ot the Baſe of this Tris - 


i 


= ++: 57 1 j f1 i, Ex4m os 
coo Wade ; (494 i1og 
2 How Mie thin ; Eogid ad Laritud,” 
| pb. ohrr 8 Face, 


# & 6d, - FF 


Ecihe HeLAY Lend ,apd Hrs the Laticde- 
bs London is 51 £1.30”, Ty pro Fe 


1s +> ov.che 
ten 


difterence of Longitude :47 £7. their diſtance is required, 


The. (um of the Gamers dgherwo kantags 1s her: m3 


Trkntdifcrterye 6 Fe Jo's 'and 19gr. 16, WaHEl 


extent of n r.from the end of the 
verſed Sako >! eye Fa i; os —_ 
from the differetice of he verſed ee * —_ $ 
applied to 19 gre 30'o0N the yerſc e, will re 0398 


14 the diſtance rc 
. 2, Having the three places KI vg to Grd the ver- 


nie: 1:09, 3% FAQ Ned i 


| 1 11d 


_—_ A el ang-che ox +. rwo 
fades are ca 


Ei oor difference of che 5500 legs,chen.count 
bork.the or ST: go Eos 4d fires, 


andwith « io Ryo ome b+che 

= thee * rs ok I9, Ky = line 

other leg, whic om'the IEEE anan- 

ner hath = Roerwatd nt diſtance from e fore 

egs Co +: 4 the 
EE Taic 


he py at the com- 


aſs face nh o—_— 
ouch rhe fornite c othet leg, 
OI the ph yt Colo ks - Heap condition ) 
all ſtay upon the verſed line all you ti- 
ty of the vertical 95, le AK Ah aftte os penn 
pened,you take he. 200 ot fro © thedifterence;bprtom 


the ſum ot the legs: to aſe, that Uiftante will tinge the 


ſupple ment ot the vertical anglc,which i in (ome cales i Wor 
required, 


it the two legs were 383 gr- and gs, the baſe $ 
#1 the .vertical angle will be found to be 75 gr, of thy © 
{lupple- 


th eration" eB Few, 272 


-" = Ar, S«muel Foſter bi 
'f fmert Will be found to be Sts co 
-+ Theſe rwo pr —_— thus generall pounded, do (i 
brief) let forch ewo ncpaluſes of this ſcale of 4; 
fines, Ahd totheſe two 1 will add one more, which voy 
without openingthe Seftor at all. 


Having u propertion tbe he tn fixes alone, wherein the " 
dies leads in the iow , bow P b oportiondl 
Sie mpon tht verſed Scale. , oxen 


\T'Þ" we hw ſum and difference of rhe ſecond and third "WY 
—_—_— a 


CO 


EE, Ft rom 95-Wherelre barks 


the — 4297e RN hue 334 gro 


SIE 


| Titi hatlbe," To get the Suns Azimmh, 
The ſecond, Ts finde the honre of the day. 
The third, to finde the Suns aAliitdh at any heor, 


aktrration of the Sefler. 
The firſt of theſe is, 


1» Haviag the latitude of che place , the of the Surv in the 


Zodiac, and the Swe: «Altitude abovt the Horizonte finds the 
Sans Azimmb either from the North, or from the South. 


this Propoſition is ſo very uſefull in many parti- 
_ therefows principally jo aha Zodiac line nated 
to this verſed ſcale, and therefore alſo do I ſer it in the firſt 


This falls under the ſecond generall caſe delivered before, 
The two legs of the triangle are the Gomplement of the La- 
-tirude, and -Complement of the Surs Alcitude, The baſe 

is the. Suns inthe Zodiac, taken from the oy rm bay 
"the line, The verricall-angle in thele Northerne es, 
is the Azimuth trom the x 
' \'Take the fur. and difference of the Complement of the 
titude.. Complement of the Suns Altitude, and 
CR 
ic 
. the SeFor tro ſome one line on: the other which ifluech 
from the Center, from the end of the: v line. After- 
wards take the diltance from the atorenamed difference, to 
the Swes place, and-cnter it between the former line on the 
other leg,aud the verſed Scale, and note the point of the ver- 
fed Scaleon which the foot of the ſayes, the ſame 
int ſhewes the Azimuth from the. North. Or when the 
is opened,take the diſtance from the ſum, to the Suns 
placexthe ſame enered as before, will give the Azimuth tram 
the South, Note that if the ſum do exceed, 180 gr. then 
YOU are tOaccount 170 as 190,160 as 300,50 as 210,80 — 


4 Example, 


| erg 51 gr. 30'- The Sun being: in the beginning.: 
of Tawrw, andthe Altitude 35 gr. The Complement of the 
dr e103 + The Complement of the Altitude is 55. gr. 
"The ſum. of theſe two is 93 gr, 30/, there diflerence is 16 gr. 
39,8! 


443 + "hs; Satnuel Foſita bis 


30', I take thediſtance of theſe two counted upon the verſed "25 


Scale, and with it doopen the K@prts lome oneline on the 
other leg which iflucth {rom the Center, _ the end of the 
verſed Scale; then: take:thediftancefrom- the. fum, 93H grto 
..the. Suns. Nachy aurks, and ener itupon'the yetlce (calc, 
to ghe tor acopthe oikew-legs .ane hadeibe foot of the 
AY $ y toys at o & 425whi 1is the \zimuth required. 


COROLLARE ,:2-4/ hl 

WEE 2 P-- ” ; 1 
The fame thc given, t fade the An nlitwds o ciew 
 hhfertiog of. AL \ tb 19915 " PQ # the F 
1 10 12a) 
Js room ano ethe DeerNalr Sl Akicude above the. Ha: 
: Srvy 4 op Comapatiet® - ts the Ala 
y Way: ihewes tel Amp 
rom he Nondo ant the eons -way' ſhowes:; the 

And'it either of theſe two numbers be num- 
Ge ode of the line-noted with ” 
haveche Amplieudefromthe'Eaſt or Weſt, .So to 
ning of/Taeras, I ſhall fadethe Amplitude to be. —_ 
from thoSomthe-7 1 +5 from the Non and-4$25.48' | 


wn 0 oy CEE I REIT uot 
yf Te ) TRE. | 
11! * Aſccond Example. ple wk ol 


: ud ther. diftance 
Moe ene thy! "AT dg 


J ,n:! 31; RN 


Ee thetwoplices be Lond and jane rk Sha Lhd 
f Londen '51 gr./ 20', Of Hieraſalews, 32.gr- their diſtance 
3900 14% andtheir difference of e:requicds? 1. 


The ſum of the Complements: of the two Lati- g6gr.—30' 
Their difference 74 AN—A 


Take the diſtance between this ſta had difference "and 
open the SeQor from the end of the; Yerled! Solty my rake 


"J % 
IO" [8 
4 


VET oF 
the diſtance from the difeerkce nee ro gy: 79'm. tothe diſtance 
eliywiz.. 2p gr ike where that fits over fromthe verſed 

le, wh Ou ch.will Ealh 47 gy. isthe TEN open: 
WY, ing we os | 
ng th: OM 217 Swnl ar the iu and th 79 s 
prey above the Hojlean ; ta find the boxr from the South. my 


Tis alſo. fals unger gs Lond Apeky baſe before deli. 
(4 


excd;. The wo the rriangle; arethe mple- 

LE. he laritude, and the, Sans diſfahee from eons 

= Pole: the Baſe 2 h c complemenrof the Suns altitude 

above the Horizon ; the vertical ange Li in fe Northern 
= is _-, orgs from the South, or i ; 

umber of gr. fro om the beginni of the 

Mis, ay oy Fx place, this number compare with the com- 

Jn the latitude, and find the ſum and Aker 


Then upon the verſed Scale count this = 


them, 
nba ana the diſtance of me ngnd wht 
the Sc big! is preſcribed Th'the pore propolis n; 
enrake the diffance of he engl the 
ki and the afore-named' d ing, 
the yerſed Scale from'ſome-oneline on the vio 
iſſueth from the center, you ſhall find-ir roſtay up @- a v4 mag 
bee of ER wh ways þ corey. Into time, gives hour 're+ 
15. gr. one'de £ 
wo. No rl eg thatit che farhUb/Jr 
boys 189 g7, you avfhen ro4ccount tho. as 196,. £60 az Sa 
_ 219,45, Was betote intimated. 
* Fro Heb. beginningof che Seale to'oo Sis 483 
pare wich 385 27. ana Tfihd the fumof them 
ng A the Fiffet iffetence tobe 40 gr. then ! coutitthefer 
numbers upon theverfed Scale, and take their diftance; wir 
this diſtance, 1 open! the Seor from the'end of theverſed 
' Scale, toſorns, c one line on the other leg. Again; I ahh 
length from 46 gr. (the for&-namied difference) ts 5 
complement of the alcirude (which I ſuppoſe to be GA Fas ſane 
that was in the former example) and this length I enter up- 
on the verſed Scale, from the former line 02 the other les. 
ie 7 an 


 AamurFaderbi 


at the foot of the Campaſles to ſtay in-46 gr-48 my 
lt efon hours and 74 + ».9t an hour,and (0 muck 
heh at that time from gon. If the alzirude therefor: 
were obſerved i Vehe mornſiig be 53,0w6: paſt 
Mok if tn the after-noon, it is 7 min, paſt ; a clock. '-' 
. Or. #1had the. lenge from, the tore:named ſum 
117gr-t0.55 onmwp lement of the altitude, and haden- 
tered that len opts as before. 1 on " have found'the 


RE Ieney a $42. Fab al i: 
eye t dE day it THe ot afitade mu ; 

wing, or. elſe the | 
0.12, IE: 3 hours 7 migutcs, Tor c hour ofthe day, 4 | 
ti (DEA on were made iathe after-n50n- © - 


1131) 1 | 
"To fad the Semidiurnal and SemineRu'nal Arke _ 


[F Core pegs, 
of ihgO t aleivade be oo and fo rhe compLge 
the Semidiuraal Ark from, che beginning of che Hine, 2n 
eminournal Ark from the end of the ling, numbe 
hours 19% 
h of the day an 
Semidiurhal Ak font 


ot the Seiirnalt wo leg 


| 41S C  ” nr” of SE; 

Semidiurnal Ark will be 104 gr- Fe A wy, Re wats 

the HOghch 02 far "FAS. 38 w, Oh LI NE 

te: 1.0 day 13 hours wan penn The Semino» 

ARE. 25.Le- I1 4. 8 4 HOG mitutes. N 

Mlec 1 

pry orgy cy night t50 gri 22.9. Of 

; aſccalional diffcreace is 14 £7« 59» Of 00 hours 59% 


E 


7 


TOS: 


To 


alteration if- the Sefor. 
To gt the mowent of rime, when the be Grqeſcin 63h and 


27 


+ 


$54 Mor tht ol Ad 
Ig wept ff hong on 


cgs, 
ſhall fiod what tive 
4s n and cd. 


gin Fu bs Tarhe den NT a os He oh 


avg pe rophrng h as 
t 

begins 17927. 40 wr. Eee noon, thats 5 hoyy Hog 165 mui 

of 86924 muputct paſt 2 aclock in £ be mares 


Fat 


evening oe, light v4 1397. 40, after toon, [oye 
19 paſt 9 a clock at night 

bat alt 
Thor Pabklemte Eller Ma firſt py: caſe i are des 

cleva- 

le Fn bo ha at's ons is each boar 

eo the South, whoſe altitudes are req 
ad the farm and erens of or Kiev 
te ihe the ne UOTE from he Us 

one TE on the Ghet leg, which TA NN od Ne Dee to 
Sire wo Ar Lnorre of the verſed fcalc. Then pak 


The fas Coco wor aſl: To in ny point of 1 Zobackat ad 
oo of Serbs comple- 
Ln 
LOT "The Baſe 
Pee of the altitude ſought for. 
ne 
i u $5 Sn 
the hs mo 0 them and exeapari/ rb 
oponrhe verſed ſcale allo Is, gr.to att hour 
rhe Jet ta to Hy 


ok. cnts ra 
WA uh \-rS's other'leg , theſe diſtynces being ſer trom 
the atore-named difference vs legs outward uv _ the ver- 


ſed/(cale, will waa the complemenr of the altitudes to each 
ſeveral hour, trom the Meridian. Or if they be oanbergd 
from-90 in the feale, tothe foot of the C neil 
1.89 ppon the ſcale, you ſhall bave the alrity = 
' Note, rh it you po quite through evety fitreeath Uegree, 
or eyery of the twelve Ns ny upon the (calc, you ſhall go be- 
EC 3 yond 


23 , 
oad go _ thoſe Jegrees yoo go are the profunditiesaf” 

the 47+ oe un aeing. ig. tdegree of-r oo ...» 
ar nd they are alſo. the hours for t Bs 


we __ wr ai d of the Zodiack. So that 
wo 


eg alt 


h EN. 
Not alf alſo; | ec [ einer legs ts 
of-ch ie Saf A ede at 12 a cloc lien c ſum'of 


gdimin F Fg 0 zr4 is. Ent oe, 
Pe 


BY 


5 W,. 


Us Sb tharif te Nincr by. 
on wy 180, Yr miiſt rhen'coutic 120 
16s for 200, 150 for 210, &c, as was noted before.” 


* Becauſe this Pr Gdon tit it vent in.uſl 
making of ables of the alto ſegucn in ah 


lof opaveoFng Ig ſerye for F 


"Fg Sun, how ork + 
| at every. hour © 
Sun atevery hour in the pight; .” 

T1s.28 gre 30 w, andrhe lunsdi 
| Fiophgruz0m theſum bf heleis. 
$1 n0rbrad Firſt then, I count 
LS. pon t Tp yerſ ale and take net 


is] the Set 

ee, Whic het from the x jofu hon 

54. Tea e...; Thea Lcount, 1 Pho pon Phe vel | 
Laſh Ka ace 1 take the leaſt di F+-2a the 
3 i on fn other leg. One toor ot, this, iſtance 1 Fi 


ence -ot the legs (which was 40 degrees. ), 


fork Ine up>a. the, yecſad (cale, a here itt; 
TE «48 mn, TOES ng je of ak where ah | 
rn md .lJaclo 0k, Qr, cooling | ic, frog 90, it © Meves 48 459 g- 


. * howmuchtheſun is below he Harizonat 5 in the morain 


a Mar of ither'S rfler 29” 
22m; the altitude) is, fel, ae 114-4nd; 14a clock, 255: 
—_ ay r count. 3e.uporr the verſed (calc, and take-the 
di ro the former licegathe ocher legs; and ſct one 
nor Apps 3 wayne {ng toy 
W "N -wbe yerlea, (e216 1:4.Nond. jtto pon 46 gr, 
iy jk the mentiot the (onea) Rado hs © 
and. » aglgckz.or counting: it from gorrit” fals upod 43 'gr. 
42 »,theglticude. itſelt,at zoand 2aCclock.. _' 1 
wi re manner taking the caſt diſtance frorh 95:ge; 
ta the: former lige 09 othos {ogy and ſerting one tor of 
that diſtance to the difference of the legs,» youſhall-findthe 
other" to fall upon 5 4degrees, which isthe complement for 
alvicude for 9 and 3.a Clock and ſo working from 60,-the 
Car oe OREN FBPIeentin the alcitude 6 2'g#; 
NE dap borerwth pre CtraRots 
and! 4- F Gcgiees, with your ; 
A te difaoce and ford anbbford to the difleretct of 
the legs will give: 38 gr- 28 mm, for the altirude of 7 and'g-a 
clock, Mat 9995,6 aclock,theafitude will be g gr. 00 mw," $6 
working ill: in.4he (ame pry toy, 4upon the yets 
9g (ball pope p % DIY Mafoon 
. 99, namely, £0 90 gr- 06 wv, fat 5.11 the morning, vand' r 
_— From which» if you take go gr. the EE IND 
2 


nd 7aemignt: namely, 6 minutes,  Qr it ſhewes bow. hi 
the be, when.itils 5 rac heginaſng ofiScorpio, the 
peilige ligne to Tavrm, at 7'in the: morning, ;and/ab'5( 

noor1;:a0d;doing the like from 420, you ſhall findthe Com 
paſſes roſhew 98 gre-33:m. from whence taking 90, there will 
puanhee. 33 i». forthe ſuns profandity at 4.inthe morn- 
ing, and 8 at night, the ſun-being in 00 of Tawwwoy or 8 gy. 
33 «for che ſuns-alityide ar 8 in the morning, and abr 
noon in 60 of Seorpiec, At:13 5/g7« the profundisy ;for'3 ard 9; 
or thealtitudefor 9 add 3,will be 15 gr.58 7; At 150,thepro»- 
tundity for 2 and 10,. or the alcitude tor 10 and 2, will be 
MM gr.51.99% At 165; theprofunduay at 1 aud ti coiof Tew- 
1%. Or the akitude of: 1 tand4 ingot Scorpio, will bets gr. 
499. And:laſtly, whereas: the; diftercnce .of the legs was 
found 49.gr- by what was formerly intimatcg, the ſame 45 
ren Ee 3 degrees,, 


30 . Bdy, SamdBaftebs; 


d do.ſhewthe complenient of the ſuns altirude at Tm 
clock;when che ſun isin co of! ht 


_ Bri appes refolving' this 
and bout theſe —_  _ 
ot the Ecli erent ogy £7 Ls 


that the work tnay begin ware yp 
and cnd with the ſummcr/ as hereit/may beg in with Sc 
andend with Tewrmy thus. . From the beginnly og ot 
ache deginaidg $evieem, miber fetnm 1 hy 
compared 78 841% ow; mike#thefnoj 1468726 | 
difftveticti 65abe completmoorotth hero gx heuk 
titade ob13 a0 000 in theb opicaſing = Sed-pio, etlres 
va) ani wh bod bives the mid- tights 
ging of $cer y (6 dr rhe me yet 
ng een 
the'l eXa 'Was iaf on 
onus nced-our by the fer Ayyibap 4 oe 
palles, 5 cach' hour in oo ot '\S60rpa,”umil you'conm wh 


wards 90, and when you'cotne' beyond ve,” ;he excelit iews 
ror for ro tix mand ah dightin wp 
prog but tartho) an(werbble ao rue 
rms > pre veg Andfolatliorhet l1g96> ung parallels 
- Thefeare the particulars io which/1 jncerded 20: 
0, Lceauſcchoigaleokec avors jwe quent chai | 
Prem tn Bl decliatior andlth 
| ns*$e'f1 


ay) ooprineorgardpe wiodyy Tt 15s 
byithe hike work having the Uſference o: toupſtudeel 
ni or temarkable place trom yours; and the lazitade 
obtheſame place; you may find in-whar poſition a plates 
ta.be (er in your Horizon, in refpett of declination and te- 
cligation, or inclination, that may: repreſent the Horizon of 
the fame place, and accordingly you may pur 6n'the Hors 
—_ m_ thar plancor placewith all the other torniture 

potions of the ſun, in teſpe& of the place; 
may 


. ltgratron. of the Seffor. It 


be repreſe to.Your View | the plane, 
elites ed there are many ot athertouticalars which 
Splanceks wh 0 (cales iNatnely; al thackallun- 
as forme calcs of. Houſe: 7 _ | 
14th 224 em to av jo flag 2012 no! Fs __ 
"CH AP.\X. 
ge other inert the edges 4 her wn + 


FOPe.icn 24 36! 


3 T 


6 


; 97:1 p20 bt oh | 
FHen the 23d is opened i into a ſtraight Ruler, then 


will the. diviſions of (which fore former "rage 


and upon the ewo flat {ides, (which 

the ove appeared :50-be-divided:or 0 

and be: 0000 21 7403 woe pom 

TY | doe arcthe threeuſuall thene- 


tical lincs harp pat Sines; and Targents. Thevufe of thofe 


ſakte, _——_— —— MC 
er £0 
TE - herlre alesph Foot! amd Lclnadig neo 


ih Ur e, will lexye to mcaſure {mail lengths, chat\reach 
F004 FgoHy -orelſc tomake longer tcales/ of foot of 


=" 4 5 J'rk 
\coathi 


Te. 


hereby greater Jengths may bemeaſured. 
{hail need.tq mention of-theſe rwo'([cales, 
Prue arg por AIEELS wa, 


at} * "13 « 


CHAP. X E. 
k of the 1wd[calts of Wine and Ale meaſure. 


It is woe elcharaJAle loncontains 231 ?Cubical 
Ale gallon contains 288 } inches. 


Ti ewo ſcales ferve for the ſpeedy gauging of Wine, 

Ale, or Beer veſſels; and therefore you mult firſt pre- 

Pate a Kamaps py convenient length,” whereby ro take the di- 
ns of any veſlel. And upon the tiatfe, E 

or 


Wm 7 7 rnb th of 4 foot 8 2. 
1dcd ns FIT 
(ea ,andc 


leagrit'is to be 
ſions ſutablett 


*, For Wine' 
of aniinchi;w 
awith decimalſu 


-th ( me res: 'TIWH4Y% 
For Ale, retry es of 4 foot and two inches juſtly, 
and divide Aleferon _ in 55 equ , & (ub-divide thoſe 
parts OP intoas many{ub viſions asthoſe parts wil 
ig > 
ith rhiefe feles Pe to medture »% Wit or Ale © 
vas that is, you Sto a Diameters at the 


and headand ig the length of them Lp wich fy 


43a OIL 


-b, Penance Cnr Og, 


Wl IpIe 


Tc _ I oor hcpbrogas | = and oy the EE 
wards going to the line of Numbers, Say, 
As 24to the lengthiof the veſſel, / 
Sor former ſumme, tothe content of the, veſſel in 


£44251 CHAP/4XH, os 
'Of the two ſealer upon the Inner edge of one of the 
legs, called feet and inches. | 7 1 


Tis {cales have not upon them true ſeet wn Icichl 
as their lengths do "P 


ſhew ; but for the «work 
Gauging 


I 
Me 


= = 
18 


= -_—_ and inches, 


ateratrdw of the Sefbor. Iz 
y are incetded) they areto repre- 

and tor edingly are here called repr&- 
Ineutive elore, ans 


the pen wareks mn (that is, the length 
with o54 Diameters/at hea and buag)Yydmmuſt bave a ſtaffe 


divided into true feerywhich may done by help of the foor 
meaſure upon the SeQor4 | *! 

Oc into true inches, which may be done by the inches up- 
on Ao ny they muſt have decinid)] vikons- 


Either of the twoſcales will ferve ta at is here in- 
tended : with this ſtafke pow» pretbemeaſure the veſſel, and 
knowing what numbers cach dimenſton 15, you may caſt 
upthe contoat-of tho veſiclehus-! 


_ Count Djamcer: at the bung pon the ſcaleof repre- 


ſentati feb.  $ngon the'SeQtor,and take that-lehgth,dnd 


- ſetu line of S#perficies from the Center (which in 
Whole is to beaccoun — onelyYan pang -N 


ber it-fals upoty, write that nuniber” uy, likewile : 
TAPS mete/' at the head: arid Write that ph cf Ofice: 
theſe thiee herFrogitly her, avd Keeptheſum. * 


Sake th & veſſels leogeh por ny the oy 5 
> Seprrfcnmaive: $7 76% ,M and meaſureir upon (the Wine, 


or Alc meaſure{accordipgas defirethe wine or Ale gal-* 
lons) and (ce what namber ir che h nc, after wards op 


on the lineof Numbers :. . Say, As 2ris to3he 0000 nu 
$0 the ſum befor? tound, to the number of Wine © 
gallons contained inthe vellel. 
'Or withour help of the ſcales of Wine, or AE meaſure, 
— hq, fiadthe ſum az rhe rhytenumbcrs, as be- 
bee: or Seam the line' of Numbers: _ Say, As 2to that 
lytt?: Sorhe number of the veſſels Inge? in: et to #foiitth; 
nl Fans © the tourchnumber 


5 roofor Ale 
»to the content in Ale *FGallobt 1,00 if @ W3nitlst 
a Aa Or 


1 Adr. Samuel Foſter bis 


Orthus: As 2 tothe ſum; So the veſſcls length ininobes, | 


ro a fourth, 

AndagainzAs.10,to $6334 for WIInG B. So, the four 

nunader; ro he namber's gillone for Wine or Ale. 
CHAP, XIII, 


of the two ſcales 0m the Haner edge of the other leg of, the 
'») Seder which are dividedinio 14, oof 
1 and 20 parts, 


Heſe two ſcales ſerve alſo for ing of veſſels þ = 
'F wen Diameter, And their ” Oy 1 hes 


Te find ſuch 4 imcan Didmitir between the bead and the bang, @ 
ſhall redate the vifel to:au equal Cylinder of the ſame deck 
with the veſſel. | 


_ Having meaſured the two Diameters at the head and. 
bang, cither in fect or i take their difference,and count, 
it upon the line of 20, and taking it from thence with your 

0 ſet ir upon the line of 14, and ſee what unmber 
it cuts; add this number to the Diameter at the head (which 
is the lefle Diameter) and the ſum will be the mean Dia++ 
meter. 's PE” N 

To gavge by this mean Diameter, i" 


- - You muſt take the Diameter at the bung and head; and 
the veſſels Jength; with a ſcale of foor or inch meaſure, 
which done, rake out the number of the mean Diamerer,our- 


of the ſcale ob repreſentative Jef? and meaſure i. upon! 
the line of . Super fioves (counting the whole line bur 10) and. 
keep rhe nutaber that it tals-upon. Then upon the line of 
Numbers: 1fay,- As.1to the number kept, ſo the = 


, Finches, ir? "ing 
lengrſt i0Y feet, to a fourth, [| . | 


W, Thea 


mad 


alteration of the Seflor, _ 35 
Then if the leogrh-be given in inches, and the former 
work were alſo for inches: Say As 8410 5 for Ale; Or, 
9,55 for Wine.q Sothe fourth,to the aumber of 

As rotol 

7450 for Ale, - 3 gallons- 

Or,if the length given wete in foot meaſure, and the for- 
mer work were alſo for feet. any - 

A god" 1,22 for Wines) So the fourth number to the 

\s1 q 
9,00 for Ale, content in gallons. 

Or elſe, rake the veſſels - length our of the repreſenta» 
eifeS1ne and apply chem co the {10 meaſure ſcales, 
and obſerve what number they fall upon. Then ſay, 

As3to this new length, So the number kept before, to the 


number off '*""* gallons, and this is doneby one work up- 
on the line of Numbers, whercas the other required two. 


How to 1» eaſure Cartriges of Gun-powder to know bew many pound; 
are comtained in them, : 


- x Ifrhe uni be of a Cylindrical form : Firſt, meaſure 
the Diameter a length of ir, with the ſcale of decimal in- 
ches, then countthe Diameters length upon the Line of lines 
(counting the whole line of lines as 10 repreſentative inches) 
& with your compaſſes take the h of that number from 
the Line of lines, and apply it to the line of S»perfieies (which 
now in this work muſt be ſuppoſed to contain 100 parts) and 
note the number that it reacheth unto. Then upon the line 
of numbers ; Say, As 49% is to that number noted: So the 
length of the Cylinder, to the number of the pounds of 
Gun-powder. 


2 If the Cartrige be of a Conical form. 
Meaſure the Diameter at the Baſe, as before , and the 


length of the Cone likewiſe, And connt the Diameter upon 
Aa 3 the 


36 1+, Samvel Foſker his, &c. 

| lines, thenge, and.apply itt the ti 
Redd bo thereon, as Was ow! ws ; 
fort. T hen ſay, Ab $22 totheantber before noted? Sothie 
length; ro the content in pounds of -powder. 


3 If the {artrige be a reſefted Cont, 


Meaſure the Diamietersof both baſes, and the length by a 
fcale of decimal inches r Then count the greater Djamercer 
upon the Line of lines, and mcafure it upon the lige of Swper- 
ficies, noting the number, as was done in the two former 
wayes. Afterwards, upon the line of numbers, ſay z-Ast 
greater Diameter to the leſſer; So the nated number. roaſe- 
cond, and ſo that fecond to a third.. Add rhefe rhree, the 
firſt, ſecond, and third numbers together, and keep the ſum. 
Then ſay again, As 1215 istothe ſaidfum ; $0 js ihe length, 
to the cogteat ia pans uf = 014 "Nh 

r you may count borh the Diameters upon the Lioegf 
lines, andtransferthem- both to the line of Super fcies, © 
= what two ng yt they cut, cone the ſame w- num- 

$ the linc of numbers, and bile the diſtanee bv 
cg «gy ſhall! you find a middle number, which with 
the rwo former, will make pies numbers,che ſame which 
were found, the other way: hen(48 defore) add theſe three 
numbers coge:her, and keep the {um , and again ſays. AS 
121315 tothe ſaid ſum 3; $918 the length to the contentia 
pounds of powder. rr 


The End of the Sc&or altered. 
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edu 991 1 
Pon the Scheme of this SeQor, as Mr. 
Foſter bath contrived it, there are ſome 
other lines inſerted in the ſpare places 
thereof, which do not go up to the Center : 
As, Furſt, a line of three hours, with theic 
halves and quarters, which line is noted: 
at every whole hour with $, and at every 
half and quarter, with a little line thus |. The 
uſe of this line is chiefly in Dialling, and the 
manner of uſing it is ſufficiently fhewed in 
his other Works already extant, and it moſt 
excellently and expeditiouſly performeth 
that manner of Dialling, which M. Gunter 
teacheth at the end of his third Book of the 
Seftor. 

There are alſo other Scales, as one of Me. 
tals, and another of Segments of a Circle,the 
uſes whereof are the ſame,as Mr. Gunter hath 
ſhewed at large : and there is alſo added an- 
other: 


c. F ofter, which is alſo called 
Tin = ono Gunter te- 
be ah e > 07 the 
other of Mr. i Forth Segments of a 
Sphere, and hath uſe in a. 
Other hath ia the Circle. 


Solid, as the 


Vale. 


| THE 
CROSSESTAFFE, 
In three Books, 


The firſt, Contaning its Deſcription,and'the uſe 
thereof in taking of Heights, 
and Diſtances. 


The ſecond, containes the uſe of the Lines thereon in the 
Meaſuring of all manner of Superficies, and Solids, as 
Board, Glaſs, Land, Timber, Stone, and Gauging 
of Veſſels, as alſo in the famous Art 
of Navigation, 


The third, containes the uſe the Lines of Numbers; Sines, 
and Tangents in Dialling, an excellent and compen- 
dious Treatiſe , fiilly teaching, and amply cx+ 
plaining, the grounds and reaſons there» 
of, from a ProjeQion of the 

Sphere i Plano, 


To which is added, an Appendix, containing the Deſcription 
and uſe of a ſmall Portable Suadraxr, forthe more: 
eafie finding the hour and cA7gimw(h, and 
other Solar Concluſions of 
more frequent uſe, 


By Edmund Gunter. 


LONDON, 


Mary-gold in St, Pas; Church-yard. 1662, 


Printed by W. L. for Francis Eglerfield, and are to be ſold at the- 


—_— 
FIRST BOOK OF THE 
CROSSE-STAFFE. 
CHAP. L 
Of the deſcription of the Staffe. 

He Crofle Stafie is an iaſtrument well knowa 

=Y* toour Sea-men, and much uſed by the an- 

Y© cient Aſtronomers and others, {crying A- 

?” ſtronomically for obſervation of alrirude 


E and angles of diſtance inthe heavens, Geo» 
metrically for perpendicular heights and di- 
ſtances on land and (ca. FF 
The deſcription and ſeyeral noſes of it are extant in print, 
by Gemma Friſe in Latine , in Engliſh by 'D. Hood, I dit- 
fer ſomerhing from them both , 1a the projeQioa of this 
Statte, bur ſo as thelr rules may. be applycd unto it, anJ all 
heir cr pero be wrought by it ; and therefore refer- 
ring the Reader to their books , I ſhall be brict in the cx- 
planation of that which may be applicd trom theirs unto 
mine, andſo cometo the uſe of thoſe lines which arc of 
my addition, not extant herctotore. 


l} 


he neceſſary parts of this inſtrument are five; the Stafte, 
the Crolle, and. che.three Sights. The Staffe which 1 
made for my own uſe, jsa full yard in length , thar ſo it 
may lerye for meaſure. 


B b The 


I The deſcription of lixet: 


The Rey belongi ww 26 Lnehes 3 berwang the 
two outware \lt any would have ir ina greater form, | 
the CE Geriven the ſtafte and the Crofle, may be 

fuch as 360 unto 262. ES 

The line inſcribed/ onthe arcof foure ſorts + One 
of them ſerves for Meaſure and Protraftion : One for 
obſervationof Angles :- Ove for the Sea- Cart; and the four 
other for working of Propcrrionsin ſeveral kinds. 

The Line of Mcaſurc is an /»chb Line,and may be known 
by his equal parts, the whole paritbeing divided cqually 
into 36 inches,and cachr Inchſubdivided firſt intoten parrs,' 
and then each tenth parrinto haltes. | 

The line fer obſervation of age way be known by 
the double Numbers, {et on both ſides of the line, beginning. 
at the {ideat 20, andending ar go: onthe other ſide at 40, 
andending at 180 : and this being divided according to, 
the degrees of a quadramtI call ic the ravgent line on the offi 

The next line isthe Meridian of a Sea-cart; according tg 
Mercators Projeftion from the Baehooiat two 58 gr, of 
latitude, and may be known by the lcrrer Ad; and the num» 
bers, 1,2, 754, Unto 58. ; 

The linesfor working of proportions may be known by 
their unequal divifons, and the numbers at the end of cach 
li 


ne, 
I a en tap numbers ___ with Set N,divided ug- 
equally into r00o parts,and numbred with r,2,3,4, unto-ro,. 
2 The line of artifiial tangents is nored with the lettes 
T, divided nncqually into 45 degyeeg,and numbred both. 
wayes, for the Tangent and the complement. 
2 Theline of artificial fines noted with the letter S,divi- 
ded unequally into go degrees, and numbred with. 1, 2,34; 


unto 90. 

4 The line of verfed fines for more caſie finding the houx 
and azimuth, noted with Y , divided uncqually into. 
age 164 gre 50mm. backward with 16,20,30, um 
to 164, 


Thus there are ſeven lines inſcribed on the ſtafle : 
are five lines more taſcribed onthe Croffe, Wy 


1 A 


The inſcription of the Une. $ 

| angent line of.26 . 3 9. nunibred by 5, TO, I59 
WB mid whereot 4 at 20 gr-and therefore call it 
the tangent of 20; and this hath reſpett unto 20 gr. inthe 
Tangent on the ſtaffe. | 

2 A Tangent line of 49gr-6 »w. numbred by 5. GYCO 
unto 45; the midſt whereof is at 30 gr. and hath reſpe& un- 
to 30 gr, inthe Tangent onthe ſtaffe, whereupon I call ir 
the nt of 30. 

3 A line of inches numbred with r. 2+ 3- unto 26 ;cach 
inch equally ſubdivided into ten parts, anſwerableto the 
inch line upon the Staffe. 

4 A line of ſeverall chords. oneanſwerableto a circle 
oftwelye inches ſemidiameter,numbred with 10, 20. 303 
unto 60, anther a ſemidiameter of acircle of fixinches; 
and the third ro a ſemidamiter of acircle of chree inches , 
borh numbred with ro, 20, 30, nnto 90. | 
bs "ou continuation of the meridian line from 57 gr. of 

e unco *A om 70 70 54 gr. 

Forthe inferh 4h of theſe Ines The firſt for meaſure is 
equally divided into inches and tenth parts of inches. 

The tangent on the ſtaffe for obſervation of with 
the tangent of :o andthe tangent of 30 on the Crofle, may 
all three be inſcribed our of the ordinary table of rangents. 

The ſtafte being 36 inches in length ; the Radivs for the 
tangent on the ſtaffte will be 23 inches and 103 partsof 
1000; ſothe whole line will be a tangent of 70 gr. and muſt 
be numbred by their complements, and the double of thei 
—_ the tangear of 10 gr. beiog numbred w 

© and 160, 

The Radius for the rangene of 20 on the Croſſe, will be 
36 inches, and the whole line between the fights a tangene 
of 36 gr. 3 w. according as itis nnmbred, The Radius for 
the tangent of 30 gr. on the Croſſe, will be 22 inches and 
695 parts of 1000: ſo the whole line between the fi 
will contain a tangent of 49 gr. 6 #s, in ſuch ſort asthey are 
numbred, 

The meridian line may be inſcribed our of the Table 
chile down forchiopuegeteiachents efchs SeRor. 

b 2 The 


*f The deſcription of lines. "= 
" Theline of numbers. may be inſcribed out of the firſ® 
Chiliad of Maſter Briggs Logarithms : and the reſt of the 
lines of proportion ont of my Canon of artificial fines and 
'rangents, and in recompence thereof this book will ſerve as 
a comment to explain the uſc of my Canon. 


" — _— — 


CHAP. IL 
The uſe of the lines of Ir ches for perpendicular 
berghts and diſtances, 


b taking of heights and diſtances, the Stafte may be held 
inſuch ſort , that it may be even with the diſtance , and 
the Croffe parallel with the height :. and then if the eye xt 
the beginning of the ſtafſe ſhall ſee his marks by the in» 
ward {ides of the two firſt hghts, there will be ſuch propory 
on between the diſtance aud the height, as is berween the 

rts intercepted on the Staffe and the crofſe, Which may 
be farther explainicd in theſe Propoſitions, 


ſ 


* OM . 
by *, "vas "” 
- *, 
* *s 
%. * 


FA gr 
1 To find an height at one ſtation, by knowing the diſt ance, 


Sctthe middle ſightunto the diſtance upontho a». - 
| xight 


for heights anll drftancas, | 'F 
keight will be foundupon the Craſle,. For, 


As the ſegment of the Staffe 

unto the ſegment on the Croſle : 
So is the diſtance given, 

uaro the height, 


As if the diftance A B being known tobe 256 fer, ir 
were required to find the height B C : firſt | place the mid- 
dle ſight at 25 inches and 6 parts of 10; then holding the 
Staffe level with the diſtance, I raife the Crofle parallel 
unto the heighe, in ſuch ſort, as that my eye may ſee 
from A the beginning of rhe inches on rhe Staffe by the 
fight E, ar the beginning of the inches on the Crofle unto 
the mark C: which beingdone 3. if I find 19 inches and 2 
patts of 10 intercepted on the Croſſe between the fightsar 
E and D, 1 would ſay the height BC were 1 93 feer. 

Or if the obſervation were to be made before the diſtanec 
were meaſured, I would (et rhe middle ſight either unto 10. 
inches, or 12 or 16 , ©or 20, or 24z0r ſome (uch other num- 
ber as might beſt be divided into ſeveral parts, and then 
work by propotrion+ As it in the'former example the mid- 
dle ſight were at 24 on the. Stafte , and 18 onthe Crofle, ir 
ſhould ſec that the height is Zo{the diſtance 3 and there- 
fore the diſtance being 256, the height ſhould be 19:4. 


2 To find an height by knowing ſome part of the ſame height. 


As if the heightfrom G to C were knowatobe 48. and ir 
were required to find the whole height B C , cither put the 
third ſight or ſome other running ſight- upon the Croſle: 
berweenthe cyc and the mark G, For then, 


As the difference berween the ſights 
unto the whole fegment of the crofle :: 
So 15 the ou of the height given, 
unto the whole beigh , 


{f then the difference between thelfights at'E and F, (hall 
, be- 


we V iF 


C 
- 


of the Lines of inches. 


4. 


<6 . The 1 
nd the of the Crefſc ED 180 , the whats # 
ety” C will be found to be 192+ 2 IVY 


3 To find an height at two ſtations, by knowing the difference 
of the ſame ſt ations, 


As the difference of ſegments on the State, 
unto the difference of ſtations: 
So istheſegment of the Croſſ 
uacothe height, | 


wn being at 'H, the ſegment of the 
Crofle ED were 180, and the ſegment of the ſtaffe H D 
300; thea coming 64 feet nearer unto B, in a dire line 
unto a ſecond ſtation at A,& making another obſcry 
ſuppoſethe ſegment of the crofle ED were 180 w.as 
end the (ec of the Stafte AD 240 ; take 240 our 
- 300,the difference of ſegments will be 60 parrs. And 


As 60 parts unto 64 the difference of ſtations: 
So D E 180.uato BC 192 the hright required. 
In theſe three Prop.therc is a regard to be had of the height 
of the eye, For the height meaſured, is no more then from 
the levell of the eye upwards, 


4 To find a diſtance, by knowing the height, 


As theſe rof the Crofle, 
unto the ſegment of the Stafte: 

$0 is the height given, 
untothe diſtance, 


Sothe ſegment ED being18; and D A 24, the he 
CB 92, area the diftare A Brobe _ gi 
5 To find a diff ence, by knowing part of the height, 
As the difference betweenthe ſights, 
vaco the ſegment of the Statis; 


RE ts "%. © 
for heights and diftances. 7 
© isthe part of the height given» 

Te NR hoce- 


And thus the difference between E and F being 45, and 
theſegment D A 240 ; the partof the heightG C 48, will 
give the diſtance AB tobe 256, 


6. To find a diff ance at two ſtations, by knowing the differexce of 
the ſame ſtations. | 


As the difference of ſegments on the Staffc , 
unto the' difference of ſtations : 

$o is the whole fegmentz 
unto the diſtance. 


Andthusthe ſegment of the Croſs being 18c,the ſegment 
ofthe Stafle at the firſt ſtation 240,atthe ſecond 30othe dit- 
ference of the ſegments 60, and the difference of ſtations 64, 
the diſtance A B ar thie firſt ſtation wilkbe found to be 256, . 
and the diſtance H B at the ſecond ſtation 320, 


7 To Patianogl®, 7 Qrwkir ein ifns pupralibally 


This is all one with theficſt Prop. For thi ; 
an height turned {idewayes; wars re eg IND 
As the ſe - of mn 
unto the ſegment of th ; 
”  -  — —w—_ 
unto the breadth; 


And thus the ſegment of the Stafle beings 2 nd the 
of the Crofle 18, the di St 
__ 754th diſtance A B 256, will give 


$. To 4 breadth at two ſtations in 4 ling cular t 
the breadth, by knowing the difference of the fm 4 


This isallo the ſanze with the third Prop. and therefore 
As» 


8 Of taking breadtbs, 
As the diftzrence of ſegments on the Staffe 3 
umo the difference of ſtations : 


So the ſegment on the Crofſe betwezn the two fights, 
unto the breadth required. \ 


And thus the difference between the ſtations at A and H 
bring 64 the difference of ſegments on the Staft: 60, the 
ſegment of the Croſſe 180, the breadth B C will be found 
to be 192. 

Anlike manner may we find the breadth GC, for ha- 
Ving found the breadth B C, the proportion will hold : 

AsDEisunto F E, ſo BCuntoG OC. Qr otherwiſe, 
AsHaunoHA, ſo FEunto GC. 

Neither is it material whether the two ſtations be cho. 
ſen at one end of the breadth propoſed , or without it;or 
within ir, if the line between the ſtarions be ndicular 
unto-the breadth ; as may appear » if in ſtead of the ſtati- 
ne A and H, we make ghoiſe of the like tations at] 
and K. 

There might be other wayes propoſed to work theſe 
Propoſitions ,, by holding the Crofle even with the di- 
ſtance, and the Staffe parallel with the height : bur theſe 
would prove more croudleſore » and thoſe which arede- 
livered are ſufficient; and the ſame with thoſe which others 
have (ct down under the name of the: Jacobs Staffe, 


= 


The uf of the Tangent lints. 


'CHA'P: IT]. 
Yheaſe of the Tangent lives in taking of angler, 


T " fd an angle by the tangent vs the $taffe, 


[ Erthe middle fight be atwayes ſctto the middle of the 
offe, noted with 20 end 30, and then the Croſſe 
c 


, dGrayn 


10, Thy uſe of the. Tangent lines, 
drawn nearer the eyc,untill the markes may be (cen cloſe 
wichin the lights, For ſoit the eye at A (that end of the 
ſtaffe which is noted with go and 185) Oey iy mark 
K and N, between the too firſt ſights, Cand B » or the 
markesK g Þ berwene the two outward, fights, thoCroſle 
being drawae'down unto H , ſhall ſtand at to and 60, inthe 
Tangentonthe Staffe: it ſheweth the angleK A N is 20 yr. 
the angle K A P 60 gr. the one doublero the other ; which 
is the reaſon of the double numbers on this line ob the Staffe: 
and this way will ſerve for any angle from 20 gr. toward 
go gr. or from 40 gr- toward, 180 gr. Bur if the angle be 
leſſe then 20 gr. we mult then make ufe of.the Tangent up- 
an the Crofle. 


2 To find an angle by the tangent of 10 
upon theCroſſe, 


Set 20 unto 20, that is, the.middle ſight ro the middeſt of 
the Croſſzat the end of the ftaffe, noted with 20, {o the eye 
at A, beholding the marks L and N,'cloſe between the two. 
firſe fights; C and B, ſhall ſee them in an angle of 20 gr, 

[t the marks ſhall, be nearer together, as arc M and N, 
| then draw in the Crofle from.C unto E : if they be farther 
alunder , as arc K ana N, then draw out the Crofle from C 
unto F ; ſo the quantity of the angle ſhall ſtill be. found in 
* the Croſſe in the Tangent of 20 gr. at the end of the Stafle: ; 

and this will ſerve for. any angle from 20 rowards3 5 gr. 


3 To find an angle by the tangent of 30 
upon the Croſſe. 


This Tangent of 30 is herepur the rather, that the endof 
chefaffe reſting at. the.cyc, the haud. may more ealily re- 
move the Crofle : for it ſuppoſeth the Radius to be no lon- 
ger then AH, which is from the eye at the end of the Stafte 
unto 30 gr- ahavt.2> jinchesand 7 parts. W heretore hexe (er 
the middle'fight unto 3ogr. on the Stafte , and then either 
draw thixCrolſainor out,untill rhe marks b<.ſ{cene —_— | 

tc. bk 'e©! the - 
. ewelb | 


The ufe of the Tg Ont Lines. T1 


the rwo firſt fights;' o the quancicie of the angle will'be 
foun1 in the Ttagrne of 30, which is here repreſented by 
the lineG H; and this will ſerve for any angie from 0 gr» 
toward-q8gr, | 


4 To bſerve the altitude of rhe Sun backward. 


Here itis fitto havean horizontall fight ſet to the be- 
gining of the Sraffe\, and then may you turn your back 
- coward the Sun, and:your Croſſe toward: your eye. If the 
» altitude be ninder g51g7: fer the-middle fight ;to:30 on the 
Staffe, and look by the middleſight through the horizon- 
tall unto the horizon, moving the Crofſe upward or 
downward,uitill the upper fight do ſhadow the upper half 
of the horizontall ſight : ſo the altitude will be tound in 
the Tangent of-30, | | 
If the altitude ſhall be. more then 45 gr.ſct the middle 
fight unto the middeſt of the Crofle, and look by the in- 
ward edge of the lower fight throngh the horizontallto 
the horizon, moving the middle (ight in or aut, untill the 
Upper light do ſhadow the upper halte of the horizontall 
ſight : {o the alticude will.be found in the degrees on the 
Staffe between 40 and 180. 


5 Toſet the Staffe to any angle given, 


This is the converſe of the former Prop. For if the middle 
light. be ſer to his place and degree, the eye looking cloſe 
by che ſights as before , cannot but (ee his objeR in the 
angle given, 


6 Toobſerve the altitude of the Sun another way. 


Set the middle ſightto the middleof the Crole, and hol.l 
_ the horizontall fight downward, ſo as the Croſſe may bc 
parallel to the horizon,then is the Stafte verticall;and if th: 
outward ſights of the Croſſe do _y ug the horizontal gh, 

2 tne 


185 Thinfrof the Tangent lines. 
Gipotaglenagool ple the altieude'will be foand in the Tah-. 


7 Teh ſerve an altitude by thread and pluntiwes, | 


Let the milldie fighrbc fet ro the tnidft '6f the Croſſe, . 
and to that end of the Staffe which is noted with go aud- 
180; then having a threadand a plummet at the begin- 
ning ot the , and rurning the Crofſe upward, and- 
the Scafte towardsthe Sort, the will fallon the com- 
pg of the alticude aboverthe horizon. And this nay. 

applied toorher purpoſes, 

8 To upply the lints of inches tothe taking of angler, 
It the angles be obſerved between the two firſt fights, 


there will be ſuch proportion between the parts of the Safe 
and ihe gured cf rhe Crofle, as berwten the Radius andthe 


the angle. 
$.if the parrs inrercepred on the Staffe were 20 inches. 
the pitt cn the Croffe 9 inches, Then by proportion ss to 


unto 9, fo ro000 unto 435000 the ta of 247-7 14%, 

Bur it the anglc ſhall be. obſerved between the rwo'bth-- 
ward ſights, the parts being 20and 9 as before, the angle 
will be 48 gr. +8 w, doubſenntotheformer. 

lu all theſe there is aregard to be had to the parallax of 
rhe eye; and his height above the Horizon in obſervations - 
at Sea ; tothe ſemidiameter of the Sun , his parallax and 
tefraftion, as in the uſe of other ſtaves. And fo this will | 
be as mach, or more then that which hath been hereto- - 
tarc, performed by the Crofle. Stafle, 


CHAP; 


The feof the lines of Chords, 


_ CO — 


— 


CHAP. IV. 
The 5 008 if agg e's joyied 


with the lines of Cher i 


fad oonck on loony ohrede domme as 


may appear by the former being jo 
with the _— Chords ; which place upon one being joyned | 
the Croſle , wu <arhe pri ſerve for the protraian and 


reolnin of Wed langhet': pete I will give onc 


hndingot attwo ſtations Wiſe + 


Let the diſtance required be A B, at A the &r( 
make choice of a ſtation line towards C, and IO __ 


angle B A C bythe tangent — may be 43 gr,20 mw. + 
then / 


2 | ied —— hs 


14 The uſe of the lines of Chords 


"*having gone an hundred paces toward C, I make my (e. 
cond ſtation at D , where {uppoſe 1 find the angle B D Cry 
be 58 gr. or the angle BD Arobe, 11 2gr. this being done, 
I may findthe diſtance A B in this er. 

: Idraw aright line A C, repreſenting the tation line, 

2 [rake 100 out of the lines of equal patts;' and prick 
them down from A the firſtftationunts D the Gy , 

. 3 1 open my compaſles to one of the chords of 69 gr, 

and ſetting one foot iti the point A, with che other [ &e 

__ an occult ark of a circle” imerfeting the ſtation line 

—_ | | | | 

_4'Frakeout of the ſatneline of chords a chord of 47 gr. 

20», (becauſeTuch was the'angle ac the firſt ſtation) and 

this 1 inſcribe into that occult ark from E unto F, which 

makes the angle F A D equal tothe angle obſcrved ar the 
firſt ſtation. 

5 Ideſcribeanother like ark upon thecentreD, and in- 
ſcribe into ir a chord of 58 gr. from CunmoG , and draw 
the rightline D Gywhich doch mect with the other line AF 
in the pointB, and makes the angle BDC cqual to the 
angle obſerved at the (econd ſtation. So the angles in the 
Diagram being cqudl tothe angles in the field, their ſides 
will be a}ſopr tonal; and therefore, 

6 Irake outrheline A B with my compaſles, and mea- 
ſuring ic inthe ſame line of cqual parrs, from which I took 
AD, I find itto be 3 35, and (uch is the diſtance required, 


"Fheuſe of the Meridian line. 


CH AP. V, 


The uſe of the Meridian line, 


Meridian line, noted with the Jetter M;may ſerve 
F TE the more caſie diviſion of the plain ſea-chart, ac- 
cording to Adercaters projeftion , For if you ſhall 
draw parallel meridians, each degree being halt an inch 
diſtant from other, the degree of this meridian line on the 
Staffe ſhall give the like degrees for the meridians on the 
chart , fromthe EquinoQial toward the Pole: and then if 
through theſe degrees youdraw ſtraight lines perpendicu- 
lar to the meridians they ſhall be parallels latitude. 
| If any defireto have the degrees of his charr larger then 
thoſe which--1 have pur on the Stafte , he may take theſe 
yy increaſethem in a double, or treble, or a decnple pro- 
partion at his pleaſure. | 
2 This meridian line being joyned- with the line of 
hords, may ſerve forthe protrattion and reſolution of * 
hc tight line triangles as concern latitude, longirude, 
jumb and diſtance in the pratice of Navigation, As may 
appcar by this.cxample. 
; __ m places Bn Ne the latitude of 50 gr. D in 
- the Jarituge Of 5 2.97... the auterence of longitude. between 
chef betriy 02” Ao renal eng ficlt whas 
Ratrib 16a | one place tothe other, ſecondly 
how/tmany degrees diftine they are aſunder.. 
"4 4p td 4 hr line A E, repreſenting the parallel of che 
place from c Ire.” no CLA Maine ol 
T5" take's pr. tbt the rt Fey ere cither. or: 
of the line of inches, allowing halt an inch.tor.cvery de” 
gree; or ont of the beginning of the Mcaidjian, line ; (for 
there the meridian” degree differ very lircle trom,the eguis 
nd:Hal degrees) and eliſe 6 gr. I prick dow in uhg parallel 
m-4to By? vw g 3% 20 ; 


—— 


ih 


3 In1 


ym The ofe of the Meridi Line: ; F 
. Ina and E, cre&two iculars, A MandED | 
: cepreſeuringthe meridians of both places. 
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peooryn 

TOI mnDons ctr ye 
unto one c o 
ſetting one foor in the point A, with the other 1 


\ 


17 
an occulearkaf a cicele, interſeAing the :meti dian i F;,and 
be Hiveot diltanceinG ztheg I rake the chortofFSwich 
my Compaſſes and meaſuring it inthe ſargeline or chords 
_ > >ong I fiod it 56:gr 43 and ſuch 18 the inclination of 
the Rumb .to the-Meridiagy/which: is the fitt-rhing chat 
#45. a 9713 mot BIEN ER an 15 DIPTORAC, 
br vey the) nwantiry: of the lineof diſtance AD, I 
take ir. out with wy Compaſics, 8 meaſuringitin the me- 
ridian linc, ſerting onefoot bencath.che lefler Jatirude,, and 
thether. foot 25 much above.the greater laritude, 1 finde 
about; 4.85.2 intercepted between! botlt i fect z 'and ſtich is 
tha difiance upon the Rumb, which is the lecond thingthar 


"Bu fk this ex .mple were protrated according eo the 

C1 eXaA 

_ edmmanSca-chart, where the degrees of the EquinoBal 

20d Met idian axe bbothcatikeg the Mb aD _— 
0 þe above 67 3; and AD: che diſtaveo-upph 

pbabouts.gr.4.!-:2 5d blow | iranol >). 

Sappolo fatrher; 


x The wſe of. the Merldiant line, 


thathaviog (ct forth from; A'roward D; 
ape thebepter ramb.of 5; _ ».'NE&E, after the 
run'76 keagues,the changingiit ranis0 leagues 
norm ef ro ur E4 N, :wwhaſeintlination 
to the meridian is 98:8 14145 03 {And teri bexeruſred to 
know what:Jongitude: and larieade' che ſhip/is iny by@prick- . 
irg down the way thereof upon the Charr. 
ving drawn a blank Chart as before, with meridians 
and parallel, according to the latitude of the pſkces pro- 
poſed. 


1 1 would make an angle MAD of 56 pr. 15m, £ 
the Rumb of N E 6 E, which is done after thi manner 1 
opetumy Compaſſes to on 2of the chords of 66 gy. and ſer- 
ting one foot ta the point A, with the other Lieſcribe an 
occult ark of acircle, interſefing the meridian in F, then 
[ rake 56 gr, 15 mv. out of the (ame line of chords, and prick 
them down from F unto G: ſo the right line AG ſhall be 
the RumbotNE6E. 

2 I wouldjak: 36 leagues an of the m:ridian line, ex- 

C 


tending 


T4 The uſe of thi Meriduanline, 
tending my Compaſſes from 50 gr.. to 51, 48 m- or rathers 
awoy Je below 50 ne roend prick them down 
uponthe Rumbfrom A unto I; ſo the point I ſhall repre- 
ſen the place wherein the ſhip was when the wind chan- 
» And' this is in-the latirude of 5-1 gr. o w- and in the 
ongirude of 2 gr. 21 w»- Eaſtward from the meridian-A M; 
3 By the ſame- reaſon, I may draw the right line IK 
forthe Rumbot E 6 N, and prick down the diſtance of xe 
from IT'unto K.: ſothe point K ſball repreſent 
e whicher che ſhip came, after the running of theſe 36 
: and this is in the laticude of 31 gr. 30 w- andin 
Eaſtward from the firſt meridian 


4 


ridian, ED. 
Bur if theſe-ewo courſes rnd prom bro 


common Sea- Chart, the point I fall in the latin 
of 51.gr, 0m. rnſucg pron) frye pry} 
che would be onely t gr, 30». and the 


Bur of 
_— 


3 gr. 579. more: both theſe do make 
i of longitude -berween the 


be >. 


CHAP. VI. 
Theſe of the line of 
Numbers. | 


He line of numbers here noted with 

1,243,4,unto 10,{s cormpleat in thoſe 
diviſions which are between t and 10: 
the other like diviſions ar the beginning 
of the line do ſerye ratherto antwer to 
the firft 
of Sines ind Tangent, than for any ne- 
ceflity, which is the cauſe why ſome of 
them arc omitted. And here, as ia the 
uſe of other Scales, the figures 1 2» 344) 
and fer down upon the line, do ſome- | 
rimes ſignific themſelves alone, ſomes | 
times to, 20, 39, q ſometimes 100,200, | 
200, 400, andfo forward, as the matrtet 
ſhall require- The firſt figure of every 
number is alwaycs that which is here 
{er down, the reſt muſt be ſupplied ac- 
cording tothe nature of the queſtion. * 


1 Having two numbers given, to find athird | *| 
in continual propertion, a fourth, « | | 


þfth, and ſo forward, 


Extend the Compaſſes from the firſt 
number unto the ſecond; then may 
you turn them from che ſecond tothe 


and (o forward. 
Lertherwo numbers given be 2 and 4, 
Dd : Exten i 


s of the rwo other lines h 


third, and from the third to the fourth» IS] 


+ 
Ft 


s? 
- 

- - -_ 
— __ 
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2@, Thewſe of tleline of Numbers. 


Extend the. Compaſſes from 2 to 4, then may you-tury 4 
cher froms w8 andfram Ft to 7 cndfrom 16 71 2,and 


from 3270-6 from 64t0 128. 7! - 17 

*Qr it bt rope the Compal beiag (er to 64, the 0». 
ther tall outofrhe line, you may (cr iro angther 64 neerer 
the begintjing of the line, and there-the other foot will, 
Toa Lo and from 128 you may turn them to 256,and. 


ſo ARE bv b.a3v3-aii 

"Or ifrheewoficſt numbers:giyen were 19.and 9 :. extend: 
the Compaſles from 10 at theend of the line, back umog, 
then” may you turnthem ove 9 unto 8,1, and from$;1 


unto 7,29, And {0 if the-two firſt numbers given were4 
arkd 9, thethitd would be found tobe 81, che fourch 79, 
withrthe (ameextent of the Compaſſes. I. 
In the ſame manner, if the wo firft.au Wcre 1% 
and 12, yorumay find the third tionalto be 14,4, the 


fourth 17,28. {And with the ſatneeXtent of the Compaſ! 
if the rwo firſt numbers wete r atid t2, the third would be 
found to be 144,and the fourth to be1728, | | 


2 Having two extream numbers piven, 
| to find a mean Proper tiowd 
| Divide the ſpace between the extream numbers into. + 
royo equal bars, and the foot of the Compaſſes will ſtay at 
r ecan 

$ 8 


roportional. So the extream 'mrmbers give 

he 32, the mean between them will be found to. 

be 16, which May be proved. by he former Prop, where it. 
was ſhewed, that as 8 to 16. ſoare 16 to 3 2. | 


gfvene 


k ; P 


| 3: To Sud the yudreree of 4nJ nuns 
G I 8 £ ao 


The ſquare root isalwayes the mean proportions] be- 
ween 1 and thenwnber gi yen, and there 


ore to be found 
by. 


The wſe of theline of Number. 21 


'ky 4viding the ſpace between them inrotwo equal -parts 
| hq 9 83: and the root of 81 is 9, and the root'of 
144 is12, andthe root of 1440 almolt 38. ; 
If you ( epricks under the number given, (as in 
Arithmetical exrraftion)and the laſt prick to the left hand 
ſhall fall under the laſt figure, which will be as oft as there 
ce odd figures, the unity will be beſt dat1 inthe mid- 
dle of the line: ſothe roor and'rhe ſquare will both fall 
forwatd toward the end of the line. Bur it the laſt prick 
ſhall fall under the laſt figure but one, which will be as oft 
asthere be even figures, then the unity may be placed at" r 
in the beginning of the line, and the ſquare in the ſecond 
leng' th, or tacher rhe unity may be placed at to inthe end 
' ofthe line of the roat, andthe ſquare will both fall back- 
ward toward the middle of the line, in the ſecond length. 


4 Having two extre am number: given, ts 
find two mean proportional; 
between them, 


Divide the ſpace berween the two extrezm- numbers 
given into three cqual parts. Agit cheexcream numbers 
iven were $ and 27, divide the ſpace berween them into 
ceequal parts, rhe feer of the Compaſſes will ſtand in 


14 ang t's. 
pho, feb 
| 5 To find the Cubique Root of a nuns-" 


7 given, 


T he cubique root is alwayes the firſt of two mean pro- 
portionals between. 1 and the number given, and therefore 
«. . tobe fpundby dividing the ſpace between them into three 


part 
Tot root of 1728 will be foiind to be. 12, The root 


C. 3 of 


22 *' The wſe of the lineof Numbers. 
.of 17280 isalmoſt 263 and the root 6f 172800 i8almet 
56. | 
If you ſuppoſe a prick under the number given after the 
manner of Arithmeticalextraftion, and the lalt prickts 
the left hand- ſhall fall under che laſt figure, as ic dothin 
728;the unitic will be beſt placed at 1 in the midgle of the 
ine, andtheroor, the (quare and the cube, willall fall for. 
ward toward theend of the line. | | 
_ {fche aftprick ſhall fall under the laſt igure but coggs 7 
6a 17389, the unite may be placed at 1 in the beginning of ' 
the fine, and the cube inthe ſecond length, or the unite 
way Deane at 10in thecndof the linc : and the cube 
:inche firſt length ; or if the cube fall out of the-line, you 
may help your ſelf, as in che firſt Prop, | 
But if the laſt prick ſhall fall under the laſt figure but twg, 
'as in 172809, thenplace the unite alwayes at 10 in ne 
of the line : ſo-the root,the { and the cube,will all fall 
backward, 'and be found in the ſecond length between the 
middle ang cad of theline. 


6 To multiply one number by another. 


Extend the Compaſſes from 1 tothe Muliplicator ; the 
ſame extent applied the ſame way, ſhall reach from the 
mulciplicand to the produRt. 

As if the numbers to be multiplied were 25 and 30: <i- 
ther extend the Compaſſes from 1 to 25, and the ſamect-. 
tent will give the diſtance from zoto 730; or extend them 
from 1 to 30, and the ſame cxtent ſhall reach from 25 to 


75% 


7 Todivide one number by another. 


Extend the Compaſſes from the diviſor to r, the ſame ;| - 
extent ſhall reach from the dividendtothe quoticm,Geckwal BN. 
$0 if 750 wore to be divided by 352 the quotient would 


$ Three 


Thi nfro/thelizeof Number, ,* 23 


8: T bree numbers bring given, to find « 
fourth propernonal. 


This golden rule, the moit uſeful of all others, is perfos- 
med with like cafe. For exrend the Compaſſes from the 
firſt number to the. ſecond, the (ame. extent ſhall give the 
diſtance from the third to the fourth. 

As for example, the proportion between the diameter 
and the circumference, is ſaid to be ſuch as 7 to 22 : if the” 

diameter be 14: how much is the circumference ? Exrend 

the Co from 7 to 23,the ſame extent ſhall give the 
diftance from $a + :'or extend them from 7 to 14, and. 
the ſame extent ſhall reach from 22 to 44+ 

Either of theſe wayes may be tricd on feveral places of 
this line ; bur that place is beſt, where the feer of the Coo 


paſſes may ſtand necreſt together, 


9g Three numbers being given, to find « fourth 
in 4 duplicated proportion, 


for heave _ Ppt gg propoſition, he may cauſe another 


This Propofition concerns queſtions of proportion be+ 
tween Lines and S 5; whaefchedecomianionbe 
of Lines,exrend the Compaſles from the firſt to the ſecond | 
number of rhe ſame denomination: ſo the ſame extent be- 
ſag doubled, ſhall give the diſtance from che third number 
unto the fourrh.. _ 
The diameter ing 14, thecontent of the circle is 154 t 
the diameter being 28, what may the content be? Extend 
,. the Cc from 14to 28, the (ame extent doubled will 

reach from 154 to616.. For firſt, it reacheth from 154 un- - 
to 308 ; and turning the Compaſſes once more : it reach- - 
eth-front 308; unto 616 3; and this is the content m——_— 


24 » Theufeof the ineof, Numbers. 
Bur if the firſt denomination be of the ſuperficial conteng; 
extend the-Cotmpaſſes umo the 'balft -of' the: diſtance, he. 
tween the firſt number and the ſecond of the ſame deng. 
mination : ſothe ſameextent ſhall give the diſtancefrom 
the third cothe fourth. L1 1:231on otif 4! 
The content of a circle being 154, the diamier js 1,4 ; 
content being 616, what may t eter 'be ? Divide 
diſtance berween 154, auid 616 intorwo equal party, they 
fer one foot in 14; the other will reach to 28, the;diameter 
required. FAG > 2:45 band 


1:5 


43763 | nod 21a sd and 
to Three nmbers being -givos, to find # fourth ||| 


in a triplicated proportion: 


This - Propoſition concerneth queſtions of proportion 
between lintrand ſolids; where it the firſt-denominationhe 
of lines, extcnd the Compaſſes fromthe firſt number co 
the ſecond of the ſame denomination : ſo the extent being 
tripled, ſhall give the diſtavce from, the third number 
unto the fourth, . "F* 

Suppoſe the diameter of an iron bullet being 4 inches, 
the weight ot it, was 9. the diameter being 8 inches, what 
may the'weight be ? Extend the Compaſſes from 4 
ſame cxtent being tripled, will reach from g unto 92. 
ws X reacheth' from 4 ou on 18 unto 36; 
thirdly,from 36to 72: this is | uixed- 

Burtt the firſt denominationſhall be of tell 
or of the weight, exrend the-Compaſles ro.2 third-e 
the diſtance cen che firſt number and the ſec 


S& #7 


the ſame denomination; ſo the ſame extent ſhall give the 
diſtance from the third number unto the tourth- | 

The weight of/a Cube 724; the fideof it was $i8- 
thes : rhe weight being 9 1. what may the fide be & Diyu 
the diſtance between 72 and 9, into three equal | 
{ct one foot to 8,the other will rcach to 4xt 


cs; 
e lide required. 
CHAP. 


The uſe of the line of artificial Sinee, 


CHAP: VII. 
The uſe of the line of artificiall Sines, 


His line of f=e: bath ſuch uſe in finding a fourth propor. 
5dr as the ordinary Caen of fines: and the man- 
ner of finding it, is alwyes ſuch, as in this example, 


As the fine of go gr- unto the fine of 30 gr. 
So the finc of 20 gr. unto a fourth ſine. 


Extend the compaſles frem the ſine of go gr.unto the ſine 
of 30 gr, the ſame extent will reach from the fine of 20 gr. 
unto the ſine of 9 gr. 50'+ 

Or you may extend themfrom the fine of go gr.untothe 
fine of 20 gr. the ſame extent will reach from the ſine of 
3o gr. unto the ſine of 9 gr. 50',and ſuch is the fourth pro» 

; ;onll fine required, | 
Intike manner it the queſtion propoſed were. 


As the fine of 30 gr, unto the ſine of 5 2 gy, 
So the ſine of 38 grz to a fourth fine. 


Extend the compaſles in the line of fines front 30 gr,unto 
52 7; the ſamecxtent ſhall give the diftance from 38 gr.un- 
t076 gy, Or,cxrend them from 30 gr. unto 38 gr- the (awe 
extent will reach from 52 gr. unto 76 gy. which is the fourth 

oportionall ſine required. 

And' thus may the reſt of all finicall proportions be 

t rwo wayes. The minutes which ar: wanting in 

the firlt degree, may be {upplicd by the line of Numbers. as I 
ſhew inthe next Chapter. 

E c GC HA P, 


26 The ue of the line of artifiejal Tangewe. 
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" CHAP. VIII 

The uſe of the line of artificial T ang ents. " 

His line of Te:»gents hath like nfe,bur commonly joyned 
T oi the line of ſes: the maner of working by 1t,may, 
appearby this exampl*; 
As the Tangent of 38 gr- 30/. 

is the Tangencof 23 gr.to 30%./ 
Sothe line of go gr. 

to a fourth Sine, 


This Propoſition and ſuch others upon two lines,may be 
o be $w0  Bapes For amge the _— ge __ 

e Tan 38 gr. 30/,t0 angent of 23 gr« 30% 
the Do Gra ſhall give the diſtance from the ſine of 
90 gr. tothe ſine of 33 gr. 8'.'Or elſe extend them from . 

8.6r-20' in the Tangents unto go gr-inthe life of See; the 
ac exrent fromthe Tangent of. 23 gr, 30' ſhall reach to 
the —_ 33 gr. 8' which is the, fourth proportional fine 
required. NET ! 

And this croſs work in many caſcs is the better, in re» 
gard the Tangenes which ſhould; paſs on from 40 gr. to 
5ogr. and ſo forward, do turn back at 45 gr. Theſe two 
lines of Sizes and Taxgents, may ſerve for the reſolution of 
all ſphcricaltriaogles, according to thoſe Canons which 
Fhaveſe: down in the uſe of the Setor.Qu ly two caſes the 
rg and 20 will be more caſily. feſolved by that which' fol- 
laweth inthe laſt Chapter of this book. | 

arany time one meet 'with a Secanr, Ler him ac« 
count the ſine of 8o gr. fora Secent of 10 gr. and the ſine © 
ot7og-torg Secant of 20 gr.and (orake the fine of the comy, 
plementih ſicad of the Scan. 


AS ifthe propofition were, 
./ As the Radius tothe ſecant of 51 gr,20/, 
So the ſine of 23 gr,z0/, 
toa fourth fine, 


Extend | 


Yhe uſe of th#Iint of Tengous. 27 


Extend the compaſſes from the Radius that is the fine of 
-go gr. tothe ſine of 38 gr- 30'. the ſame extent will give the 
-diftance from the fine of 23.gr. 30', both tothe fine of 14 gr. 

22'cO the ſign of 39 gr.50'.But in this caſe, the ſine of 39 gr. 

5o/ is the fourth required. For the firſt number being 
leſs then the ſecond, that is, the Radius leſs then che ſecant, 

. rhe ſine of 33 gr. 30! which ische third, muſt alſo be leſs 
then the fourth, 

" If the fourth proportional number ſhall at any time fall 
out of the line, by reaſon of the minutes that are wanting in 
the firſt degree, it may be (upplicd by reſolving the third 
number given into minutes, and then working by the line 

* .of numbers. 


As if the propoſition were, 


As the fine of 90 gr-- 
tothe ſine of 10 gy. 

So the line of 5 pr. 
to a fourth ſine, 

Or the Tangent of x5 gy. 
roa fourth Tangent. 


Extend the compaſles from the ſine of 5@ gr.uato the fine + 
of 10 gr, the ſame extent will reach from the Sine or Ta! 
ent of [5 gr. beyond the end of the ſtafke. Wherefore I # 
| olve t 5 gr» into 300” and finde the former extent; ro 
reach in the line of numbers from 300! unto 5 2', avd fuch 
is the fourth proporrionall required, 
. If the exrent from the fine of co gr.onto the fine of to gr- 
be.too large for che compaſſes, we may uſe the line of 5 gr. 
44 inſtead of the ſigne of go gr. | | 
And ſo extending the'compaſles from the fine ot 5 gr. 
44" unto the fire of 10 gy. we ſhall finde che ſame extencro 
reach inthe line of Numbers from 300 unto 52 as betore- 
Andby. the ſame rexſon'we may vferhe an__ of 5 gr. 
43! infteadotrhe rangerit of 45 gy- asT further: ſhew-in the 
wert Chaper, 
"7 5 BEE Eexz CHAP. 
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28 The uſe of. the Lewes of Sines and Tangents, 


CHAP.IX. 


The uſe of the line of Sinnes and Tangengents toyned 
weth the line of Numbers. | 


He lines of Sines & Tg, have another like uſe joyned 

with the line of N»mber:, eſpecially in the reſolation 

of right lined Triangles, where the angles arc meaſured by 

- degrees and minutes, and the ſides meaſured by abſolute 
numbers, whereof, I will ſer dowatheſe propyfitions. 


1 Having three angles and one ſide , to finde the 
two 0: ber ſides, 


If itbea ReQangle Triangle,wherein one fide about the» 
right angle vcing knowazit were required to find the other. F 
is may be found by the line of Tangents and line ot 
Numbers. For, 


As the Tangent of 45 gr. 
To the Tangent of the angle oppoſite to the fide required; 
- . Sothe number belonging to the ſide given, 
tothe number belonging to the (ide required. 


” As in the retan- 
gc angle C A Bro 37 19 n 


be 9 gy, t5' and the fide AB tobe r 35 parts,if it were requi- 
red to finde the other fide B Cabour the right angle, "0 | 
Extend the compaſles from the Tangear of 45 gr. unto 
theT arof 9gr.15', the (ame extent will ———_ che 
line of Nu m135 unto 22, and ſuch is the 
of rhe {ide B C. Or inthe croſs work,cxrend the co 
fromthe Tangent of 45 gr. unto 135 in line of num- 
bers,the ſame extent will reach from the Tangeat of 9 gr. 
s 2” 32 in =o hors i Nambers, Fa 
extent from angent of 45 gr.to 9 gr.15 0r,135 
part;be too large for the co , you may uſe the Tan- 
pect 2r+ 43! inſtead ofthe Tangent of 45 gr. becauſe ' 
h alike anſwer tg 10,8c- parts in the lino * —_ 
A 


jayned with the line of Numbers, 295 

And then either extend the Compaſs from y gr-43%, ur- 
to 9g7, 154inthe line of Tangents, the ſame extent will 
reach from rz5 unto 22 inthe line of Numbers: or elſe cx- 
tend them from the tangent of 5.gr-43/unto 135 in the {ine 
of Numbers,the ſame excent will reach from che Tangent 
of 9 gr-1 5' unto 22 in the line of Numbers, as before. 

Ia like manner;in the ſame retangle A B C,knowing the 
angle ACB to be 80 gr. 45, and the fide BC r1 be 22 parts, 
it were required to finde the other file B A. You may uſe 
the Tangent of 84 gr- 17” inficad of 'the Tangent of 45 gr. 
and (0 = fide B A wil) be found to be 135 parts. 

This holgerh for finding of the fides of reftangle triangles, 
bur generally inalltriangles,whether they be right or ob- 
euſe angles, having three angles and onefide,we may finde 
the two other lidesby the line of Swes and line of Numbers. 


Asthe Sine of an angle oppoſite to the fide given, 
istothe number bclonging to that fide given ; 

$>the Sine of the angle oppoſite to theide required, 
ro the number belongingrto the fide required. 


As in the cXample of the fourth Chap.of this book, where 
knowing the diſtance berween two ſtations at A ant D ro 
be 1 00paces, the angle B A C to be 43 gr. 20*,and the angle 
B DCtobe 58 gr+ it was required to find the diſtance A 

Firſt having theſe two angles,I may finde the third angle 
A B D tobe 14 gr. 49 cither by ſubſtraRtion or by comple. 
mentunto 180, Then inthe Triangle B A D, I have three 
angles,and ane fide, whereby I may finde bath AB and DB. 

* Iknow theangle ABD oppo to the meaſured fide* 
A Do be 14gr- 40', and the Angle AD B oppoſite rothe 
fide re ae. to be 122 gr. Wherctore 1 exrent che compa(- 


ſes in the line of Sinesfrom 14 gr. 40% unto t 22 gr. or (which 
is all one)to 58 gr. (for after go gr. the ſive of 80 gr. is allo 
the ſine of 100 gy, and the fine of 70 gr. the ſine of 1 10 gy, 
and ſoin the reſt ) ſo ſhall I finde the ſame extent to reach 
in the line of Nwmbers,from 100 unto 335. And (uchis the 
diſtance required,between A and B, 
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oy like e mannePr nd my Compaſlcs from the fined 

r- 40' tothe ſine 43 Lie o' the ſame extent will reach 

ins celine of Numbers from 100 to 271, And ſuch is the di- 

ſtance between D and B. wal 
Orin _— (wth I may extend the 

int he Siges, unto 100 parts in the line of Numben, 

pre ſame extent will give the diſtance from 58.gr wY) 


wir on from 43 gr5720 ito 271 parts. 


2 Hiving two fides given, and one a FOI "cubes © 
of theſe fa lo. been two angles. 
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Asthe wy poſite to oo ay given, Ws 
is to the fine. of the angle given: / 11 80s 
Sothe other ſide given, 3, 
tothe fine of that angle to which ir is oppoſite. * 


Soin the former Triangle , having the two- 2 | 
335 paces, and AD 100 p3ces,and knowing the a 
which is oppoſite to the fide AB, to 122 wy o-- may 


Jojnted with the lint of Numbers. 31” 


che age ABD, which is oppoſite to the other ide A D 
For if | exten{the compaſles from 335 unto 190 inthe line 
of Numbers, 1 hall finde the ſame extent to reach in the 
line of Sines from 122 gr. to 14 gre 40 and therefore ſuch is 
the angle ABD. | 

Then knowing theſe two angles A BD and ADB,I may 

finde the third angle B A D either by ſubtaftion or by com- 
pletment to 180, to be 43 gr.20” ; and having three angles 
atid two ſlides, I may well Ende the third fide DB, by the 
former, Propoſition. 

" This may be done more readily by croſs worke. For if I 
exrend the Tor rpag from 335. parts, in the line of 'Num- 
brr1,t9 the fine of 1 227. the ſame extent will reach from , 
r00 parts to the fine r4.r- 49” and backe from 43 yr 20” 
eq 271 parts ; and ſuch isrhethird {ide D E. 

3 Having two ſides and the angle between them to finds the 

| two other angles and the third fide. 

Ifthe angle contained berween the two fides be a right 
angle,che other two angles will be found readily by this: 
Canon. 

As. the greater ſide given, 
is the lefler fide: 
So'the tangent of 45 gr | | 
to the tangent of the leſſer angle, 


S0 in the ReQangle triangle, ATB; knowing the fide 
Altohbe244,and the fide 1B'250:, if I extend the comr 


palles from 244 to 230 in the lfneof Numbers, the ſame ex” 
teat will reach from 45 gy. to abt 43.07 zotin the line 
Taiigents; and ſuch js the leſſer angle 'B AT, and the come - 
plement 46 gr. 40' ſhewes rhe greater angle A B I. The an» 
7059. rang the rhird fide A B may be found by the - 
BL repoprewme (lu to, > 
'$0 likewife in the Example of the third Chaprer of this - 
&, concerning taking of angles by the line of Inches, 
Where the parts intercepted on the Staffe being 20 Inches, 
Aa 
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1gicO ac 
I, may.extend the, Co 


20. unto g, the ſameexten will reach in the Hoe of rf F' 
from 45 £*. tO 24 gr» 4's : ll 


Orin croſs rox 
I mayertend 
Nuwbers,tothe Tangent of 45 gr-the ſame ertent 
the diſtance from g parts, unto-the Tangent of 24 
* And ſuch is the angle of the akitudr required, 


f he part intercepted 0a the ſtaff being +0 Jes, cat | 


AR_ers 7 che > a _ ny en pe c een 
uircd to. find the angle of the altirude. Here the angle 
would auch leſs, aha che 9 would fall aur of the 
KHRMors, ' | F ' win ha» 
To ſupplic this defc&, 1 ule the Tangent of 5 £7.43 
{tcad of the Tangent of 47 4s And then it I excend 
Compaſles in the Line of Numbers from 20 unto 


ſame-oxrent will reach in the line of Tangents from « g. 
43 uno 228Y+35 's 
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nd the parts on the Croſs 9 Inches,it was required to finde W- © 


e *compaſſes' from 20 parts inthe Vogt 
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' Or in Croſs work;if I extend them from 20 pats in the - 


one lincot numbers, unto the the Tangent of 5 gr-43" 
ſame gxtcnt will give the diſtance from 9 in he thr? 
Numbers, unto the Tangent of 2 gr. 3 5» | 

And {uch is this angle of the alrirude required. 


Bur it it be an obliqe angle thar is contained berwen the 


rwo ſides given, -the- Triangle, may be reduſed into two = 


ReRanglic Triangles,and then reſolved as before. | 

As in the .Tri ADB, where the fide A Bis 3353 
andthe fide-A-D 100, and the Angle B A D 43 gy. 207: fer 
- tet down the perpendicular, D H upon the fide AB, [ihall 
have twoReCtangle Triangles, AHD,DH B;and inthe 
ReQanglc AH D, the angle at A being 43 gr. 20%the other 
angle AD Hwill be 46 gr. 45%, and with cheſe angles and 


the fide «A D, 1 way find both «4 H and D Hþby the fuft 
Propoſition. | 


Then 


" Theaſe of the dine of Stnes and Fangents. 33 
Sheath ReBangeDHB ns dichate Vena þFD forthe ' 

therefore with this fide 
'B, BE: DB, in the former ya of hi 


x ele: | ma 74 


ade: Fe 
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= is Tri ADB, rhe * wart che ſides 
hs al 1b Arby ny 235 ;the 


le 2 gy« 10), the ſam of the 
ro opal angler 6x40) ang he and the balf ſum 68 gr. 
upon 1 exrend 4 Sin'the inc: df Naw- 

bo rote 435. to 23 5,and1 fiude them toreach inche line 

| of Texgents fronk 68 gr- 20' & KO 53 $9040; atxb{uch is the 
half difference bet weeen the fire angles at B and D. 


This f1alf difference being adds co the hal rnd eng has 


122 &7; for the greater au Ie-4D'Br and 


it res 14'er. 40* for the lefler angle. A' 
three wibcide kaown, the third fide BD may'be found 
by the firlt Prop. 


©4 Having the three T4 of 4 right line Triangle, 
| 29 foydecbe three, angle;, | 
Let one of the three FP given bethe baſe, but racher the 
Rage: ter fide, that the perpendicular may tall withia; rhe 
jaw 1H ce The ſum, and difference of the $wo 
,andt roperts _ foo hold. 


'' Ag the baſe of f 
isrothe {4m of the & 

© Sothe difference of the fides 
to a fourth, which being taken forth ofthe baſe.the 
perpendicular ſhall fall on the middle of the re- 
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| \The one fide © - Ada 5 b21 
| ; Firetoabege | F” x 30) 
= * "The fir of all thiee 226 © 7 Yor” 124 
+. Thebaltfum , 1, ay - | 
ay , Thedifterence $35 
0 [1 Forſothepropattion will hold. 


"YO1: x As the Raditis the Sine of the one fide 
' $6 the ſine of the other ſide tothefourtdine, 


2 As this fourth ſine ro the ſine of the 
, Lathe line of the difference to a ſe 
Yager mean pro ortionall "=P chis' (evench 
monk; Radius will ſhew the (inc of the complement 
of _ the. angle required: 
come tothe Staffe,and extend the compaſſes 
Wn the ig of go gr. to the fine of 78 gy- which-is one of 


the ſides; & applying this extent from the ſine of the other 
Ff2 ſide 


36 mie chat ae hare 
fide Landeicza-reach to afourrh, bf 
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7 hi SM ns arp ny : 
thoſe which know the Rule of 


Three, and the do&rine of Frianges.: 1} 
Burt for others, I- ſupp ofe it wanld 
bt ce difficult to fin ic kay es; thede-T 


the Sun, or His May: MB 
=o or the like; by that which hat L 
been ſaid inthe aſe of the line of Se, 


hayc the particular r9--4 Al! 
Fſuch propaltionzare WY 


:-And d thevefre for their akes Lheve [2 


; ; 
= 
a, = 
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z3 The uſe of «he lines of Numbers, | 
| . 2 2 | £ —; ; 


The eel line of: [wubirta broad FRG "_ 
"| board, Glaſs, and the like. 


: 8eai meaſare for lengrh in 
EEE on Co 


Os 
Tr 
Fe, wie Tay prove =| 
al bac a, thar icing are meaſare. whine 


Ee 100r toda" 


th to! giveth comacacof: 
few Se cerhe diceofi 


d'giverhe co:mcnrtovte £ 
ro ro. nd the contenr of: ME merlain ? 

re the ſidesot ic by che foor line 1 
| e 2 feet $49 


by rhe 
. curting off ch yh en may Sena 


= gh r= 


«tus broad meaſure;  .. 39 


would:give thecontens to be 4,5 coo, which is $900 
NN ooparteofa ooh divided ito, 19990 parts- 


21.6 2. 50 
30. 0 r. 80 
948.00 __ 200060 
| * FIG "I" 


The like reſo as fer reread es Lateboci 


| IL vided into to. 100 0r 1000 parts... 
f? 


Tick clin the my be more eafie 
Eee 


[0:00 180 OO! 


- the: contend. ins tnohes, i 


As1 inch- untothe bredth.ia inches. / 
So the length in inches unto the content.in inches. 


Ga |. fe bY | 
En” Is MK > 


 Supooſe in the plane A.D,the bredrh ACto bezo ooks | 
es: and the length A B to be. 183 inches ; extend t 
paſics trom 1 pj ; o,the <Xrevvt will reach fecwn-18 183 
__ Poon them WAP T LON 305 RO ive a> 
tent will. reach from ;o.unto 5490. - So both waycsthe con-: 
tent required is found to be 5490 inches; 
| As tunto.30:ſoarc 183 unto 5490. 


2 Having the breadth leng th of any ObJong Super ficies 
ND iicher Fay th: comgent in A 4 | 


As 144 inches unto the breadth in inches : 
Std eng [ances un the comentiee. A 


40 Hee dl Hei = £& 
* And thusinthe ents | 
py wiff b& fouhd & qr 3 | 
a 10Ot, 


As 144 unto 30, ſoaps 193 unto 38,8 I25. 

3 Having the length ang braadrh of any Qblong Smper- 
ficies og in foot.” waa 

gu 

As 1 foot unto the breadrh in foot meaſure: 


IST 
ak tener 


As 1 unto 2+ 50: ſo are 15+ willEnodo) Moe 


\\ Beving the broultb of. Oblong Bupariblay giveh 

? in indhti\and the vw foor-meaſairs, ro - 4 
+4 w_m. et imfeet, 3 

As 13 inchest0the breadch in = orgies 0 261 

'S& the lewghth ia feerto the content jn 


Seal jocdeormerpling he come rillc 
3$-2dge os, 
| _ &$the 12 uno 302 ſoate 25..2.5 unto 38, 125» 


5 "ns fute re an wes Ss er ficres mow ” PE 
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ge @ 744 ut 0 
EDO maſh in inch he Teh xo 
EXE | 5 bo party the ng of rok. 


inches 60 parts. 
As 30 unto 144 : ſo are 1 unto 480.” 
6 Having the bredth of an 
oy cet, to ole dg ag ; 


'-'Asthe breadth in foot Ter T ade' | 
So the number of fcer ro the length in foot meaſure, 5 


| 2:26 00 m9. > 4 
9 cbe onde being ack of a foot 
| will be found to be 4© parts, lng of 2 feet $0 parrs, 


and the length of 3 feer 1.toar 20 parts, &c, , 
As 250 unto I ; ſoarc i unto 0,40. 


and bre oblong u Sf 
7 Weak the boned > {noma 1 5." <a to find 


Divide theſpace pace berwern che lengeh 20d th bredth in 

rwocqual parts, and the foot of the compaſics will ſtay at 
k 

High Tata 18; inches,and the bredth 3o inches, 


NEED | 5a 74 inches, and al- 


2 foot and 50 parts, the le hrs 
My —_— oth ſquare will 
about 6 feez and 37 parts» 


As 30 ut0 74,10» ſoare 74,10 woto 182,027. 
And as 3,50 urito 6,174 : ſo are 6,174 unto 155247, 
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of a cirde bei hes,che (ide of the 
ur ill beewnd hour: ken pry 
As 10000 unto 8 ſoare15 ungo 13,29. 


9 Haviag the civewnſerenceof « cirele, ts the fide of « 


| "ſquare qual to.the ſame e 
gin 1068000 the.clemmnietence 
So 2821 to the fide of the { 
$othe circumference of a circle being 47 inches 13 parts, 
the CF leerewiithe ahoarey i Satan 


As 10000 untd. 1831 i foare 47313 unto 130096 
G o Having 


w. The a/tof the ln: hate 
1-20 I Ib0ks 6385! 


2 nn eee on of a cirele, 


.As1 ro the Diameter 

$0 214 th Clovarhlertnce.. 
Sothe Diameter ug 5 me Circumference will 

defound about 47 inches 13 FUIIR Ins 

being 47.1 3, the "wit 
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; t Having the breadth and of andliong 
ef 3/-Py jak to &/=p | | 
*:14 4,4 4} w 
AS: Is apa ck 1 
ho pc hee totheconrent inpetches. = 
So in the former plane” A Dy if the breadth A C be Ml : 


hes, and the AB 18 the 
om bergopachs,. fs 


| the bet 
x —_ RET to i Se? 


As 166, tothe breadrh ja perches : vi 2; 

So che Jengrh japerches, to the conrent-in acres. , 
So in the former plane A D, the content will be found 4 
t0.be 34 acres, and 31 centelines, or-parts of x60,” 

As 160, unto 30: So arc'183, atito 3431, _ 
" To augment 4 ſu ferficitimg proportion inns) 111+ + lat nid 
To ,Amywrſp 4 ooh rotor 64mm ghven..,. Table: 

» A_LAvH%,, 
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__ 6272649 | 100009 | 425 - 


15136 ' 106400 
$400 OLE EL 


——z 


| Mile” \ 4014439609 \ 64000000 ;| 7 
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Ic bei croudlelae to divide the content.ia per hes 
160, we may meaſure the length and breadth Þ =] 3 


each chain $ in length, and divided; 
liaks,then Key, by work pony in Arithmetic far 


AsTo hin chains: 2 
Foe fox OTE actes.. 1/6 


And thus in theformier plane A D,che breadth A Chili... 
aks,and rhe leageh A 2 


be 7 chaiqs go li A B45 chains 
— worging as beforcche content wiltbef ound j 
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the baſe 18 content il be 
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5 hy _ Ronen 
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7 ——_— 7 from content will be found, 
about 17 5 parts, 


6 Kaving 


-ta copy a2 fare. 
.6 A thic wy. ade 4 ſupe 
al ro es nu, 


As the length of 'the ſecond ref 
co the length of the fitſt perch : 
Sothe content in acrexto a fourth nv 
and chat fourth ro thecomtenr in acres requived. 


$appoſe he lane A D meaſured wha chain of 66 feer, 
or witha pexch of r6fcert and/an half; eontained 74 acres 
31 parts; and it were demanded how many actes it would 
contain, if it were mcaluved with achaig ot 18 tookto the 


hc by the back- 
perieny A kinof fag coin nees es tbyt 


L 45 
| gt pervb, 
age” * 
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proportion. Wherc. 
fore extend the ns trom 16,5 unto 18,0, and the 
ſame extent doth reach-backward, firſt from 3 z1 to 
$145, andthenfrom 3: pe Gif, which — Wy. 
zent to be 38 acres 84p 

7 Heving th lot of 4 nating i» eareey " 
| ho ref ap pi which it was plotted. fo 


Suppoſe the plane A D, contained 34 acres 3rcentefms; 
it TOO inceture. ic: with a,ſaaſepl 10 in the inch, the 


leageh Rue d be be gichatn a and about 12 celmes, 


content would be f by rhecchird-Ponot this C 1 

pb o=g1 22 acres 82 parts, whereas i pd be 14 eee 

| heron Tt "the prion ene berween 2 :;82 20d 
aumbers, into two cqual parts 

"pe the compaſſes upon 19 ſi _— - 
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'bcedrh for ewoacres 1 chain 60 liaks. 
* As 12;30, unto'tb: (o'r, unto 0,90. Mi 
Ort the length be meaſured by feermeaure 


*Asthe tengelyinffoer, unro43560 2-3 int quyo lg 
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Sothe lengrhof the furlong being 793 er ch breadth 
'forone acre will be foued (0 be $5700 ON breadehile| 
CWO Acres 110fcet. 0047 V2 
Db CITIES i Bob?” £23 q— ; 
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1 amet: fart ore the Tre 
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bs £21 1d by 4 


tre c4a1l to che baſe of af = 
Axigiag the [pace bzrween' £1: 1 gt . 


bo” dt 43. 
anddeeadth (ot po G0 pr, inchg Ppt of broad 
mecaſure-, 


As the ſide of Hefencrel in inches. to 4tz57 > 
So is 1 foot, toa number; - 
and chat faurth to the length ia aches. 


So in the fold - Ap, the fide of che ſquare tothe - 


EEC IRE of a faoe 


about 2 inches 57 parts, a 
ſolid 5 inches 34 parts. | _ 
As 15,45 unto 4t,57 : {0.1,e0, unto 1,6: 
and ſo arc i 7 4167, 
H, be fide eguatnibrks an] wm 
ws Ard box iow the vob; of. 
+. . . Joit ſabid mm inden pagers | 
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So Sgt A H,the fide of the [i celen 
t I 


abour 2 foot 1320'parts; 
lid will fond abour 332 parts of a foo, ©, 


As 2,120, untd'1,000 2 fo 1,000, unto 0g 7h: 
_and ſo are 471 unto: 227, d 


3 Having ihe WrHdes dad depth 6 


in foot meaſure, to rey _ 
_. '.\ IEP : & 


$144 234 


_ \-Ao4tmorhobreadrh in ioorapeaſurer; o 

SO g$6 Wepripiindere ro to adounth. number z;j- om e117 
| isthe contentotthe baſciintoor meaſure, The 
* *Asthis fourth numberjunco's & 2, 3c +:/14; "02A 
 - $91, umorhe Jeogth ie for meakure,c.7 0 42.2/ 


eta 


48 The uſe of the Gur of Wenkber: 


; +80 A bro yas volg yr 0 parts; 
Rn = | ot the baſe E © e il 


Ak d- Lak | 
As. 1,00 UNt02, 504, are 1g3ou unto 4,59- | 
'. As4,50umto 1,00; ſo 1,c02 ELLYN 


+ $o the in inchesroa 
[Pen 000 Them 


As chis fourch number uit 17887 JIE® 
Weg omen ella ales, "Y 


pAERPA z0unto 6484 } 64 2:91] 


As 648 unto 1728: fot 1. Ck 
Or as 13 tothe breadth in inches: | vo 
Soche depebin inches te fourth 


ae apa ati acer) 


EDDEDY Ki1v': Fit 
HEE mil 


As 54 unto 144/:10: Su 


} 


— 


| ®» 


: root: 


oy us [q6aM4PNGs "4s 
Jt "Twas wth 6 fakiriguat the r baſe + of folid; 


yr there of given in inch 


© 8 Tanga thereof in feet, 


As 4t.57 7 coke Geof tare m inches: 
$01 iffou in Oe nth Werder 3 
htothecontent infoor meaſure. 

So in thefolid \ H, the ER AB biitig t$3 inches,and 
the ſide of the ſquare equate ro the bafe E C about 25 inches 
5 parts, the fourth n wi _— - ty and 
ofefolid conrent ent bot 

As 41. 57 unto 25.45 : [0 ob He: 


-.'arid{o arc £43 neo 68:62. . 


dre dqwal tothe baſe 29 hi 
6 ie infact bi 
{L-O{-dp pers ior Fo 50h P | 
As't to the ſide of the ſqurre in foot meaſure : 
Sothe length {a fcerco a tourth number ; 

and that fo the tbintent i F760 07u 


the overs ſolid AH, the {ide of the 


od 


bY t5 foor _ wg as do vet pare 


68 foot 62 patts, 


As 1 unto-3. 12: {015-25 ito 34.35 4 
ad ſo are/321 35 unto 68. 64: 


Having the fde of « [qu are « wal to the b 'F) olid 
I \. gp fer do lgnet be "the langth % AT 4g 
lid given in foot meaſure, to wg the 
ronment thereof 1n fett, 
As 12 tothe (ide of the ſquare given in iaches : 
So the length in tectro a fourth number ; _ . 
and that tourth to the ee in foot meaſure. 


.4®- Thewft of ths Une of 1 Numbers 
$o in the former ſolid A Hyhe fide of the ſqaure being- 
25 inches 45 parts, the gontent Will be found to 0 be. gbourt | 
63 feer: 62 paTes.. © | 
As12umo 25-45 ks 15,2yutto 3443 5* 
avdſo ACE 37-35 O66. | 


8 $ Fevingub length; breath ood deyeb of. « aa. 
i Jeleh diven's in. inohes to finde the content © 
| #8. ineDes-. 


: As 1 ungothe in inches: 
So the depth in inc exuneo helen inches Thenz 


As 1 unto the baſes + 
Sa the length in inches unto the folid content in-inches, 


So thy 1008 ty Rae Wn: 4. inches,_* 


depth AE 2t inches ye 10,and A 18; 
the content rarer? ill be fauad , 5648 inches, and. 
the whole ſolid content about x 18584 inches. + 


'AFtwatos 7; 6: foare 39. Wy -- 4D 
1, Bs 7 unto 648 : ſoare Ok 1 


, breadth and depth of « Jakared faltd | 


'9 Having the Ie 
hs , to find Para htc) 


£iven in 


As 1 tothe becadeuin inches : , 
Sorhe depth ininchesto the baſc in, inches. * 


 A817328 co that baſc : 
So the length in inches rhe content in feet. i 


$o in the folig A HB! the content will be found to be. 
abour 68 tcer 62 parts. 


(1 Fr 
q95% v 37 2 


As1 umo21,6: ſo-20umo 648 : 
"AS i738 unto 648 : {0.383 £068.62, | 


'Oras 12 to the breadrhrininthes: lyail; 
So the depth inf ſtiches 20's fourth number, 
As 144 tothar fqurth number ; , 
Sothe length in inches to thecontentin' feer. 
And ſo alſo inthe ſame ſolid AH, the content will be 
[found to beabaut 6$-feer dz parts. 
As 12 Unto 216: fo ;7o unto 68, 62. 
As 144. 181t0 54 * ſo 183 unto'68, 62, 


16 Having the laigh bh" breadth add hiptb of # ſquarid 
W7 Lives in foot meaſure, jo find br 
NE Content in fees, . | 


XL A t atito the brealithin foormeaſute:” 
- 'Sothedepth iafcer to the baſe-infecr; 
As r unto that baſe: TP 
So the lengrh in tecttothe-content io feer. | 


Andthus jn che former ſolid A H, the.breadihoe1 C will 
be 2 foot 50 parts; thedepth 4 E, 1 foor, $0, parts, aad the 
leogth 42 ns boot a 5 _ Th Ny 2s on, _ 
content 94 tect, 50.pa 
whole ſolid content -abour 68 fac; 63. part! hich of all 

others may yery cafily betricd by Arithmerique. 


As t unto 3, 50: la 1» 80 unto 4. $6. 
As 1 unto 4, 50: fo r5-'25. unto 68, 52. 


11 Having the bredihb* nid deytb'of ſquared folid gi- 
= ws, rages amis oy goes, 5 
to find the content thereof in feet. 


mw 


As 1 udtothebredthin ibches: 
So the depth in inches unto a fourth numbers 

which is the content of = baſe 1a inches. 
2 


Fas As 19h or cp 


As 144 bath untorthat fourth 
Sorhe length ja tweet oke omen in TIT 


And ſointhe ſame (id MHehovomen:w will be foung! ' 
to be abour 68 feet 62 parts. . + 


As3 unto 21.6 ; (0,30unto 648.” 
As144 unto 15. 25. {0 648, unto 68; 846 


Or as uncothebecgdehin' hes r 
Sorhe depth in inches Et Number; 
which: i1thecontent of the baſein feer- 


As. I {PH unto that fourth number : 
Sothe length in fcer to the' content in feet. 


Andioin the fatar-olid A-Ms the contem will be foung. 
t@ be abour 68 feer Ba pairts,/ © - 


As 144 10 21.6: ſo30umto4- 5o, 
As't unto 4-750 !fo 15. 25 unto 69: 62. 


as 2 imrothe breattirin- inches 
ne WE erate dukes Number: 


4 As:r5 vhto this fourrhitumber - 
od SSrþi6168gth intoctrovhegornens ly. 


Fry! T5 


And ſoalſoin thi fame folid AH; the conrenreiits 
found tobe about 68\eer 62" parts. - 


As 12 unto 21, 6: ſo gounto 54, 
* AbL2.URto 34 MA 23s, IF Vat. 58. 62, | 


All Urkete varieties (andTich Ike tothere memtioned)do 
follow upon the making of the baſe of thi: ſolid, to be EC; 


there would be as many more it any ſhall begin wich che 
baſc E H,and ſo olikewil i eye mean i9.9* FD. 


A "or % 12 He. 


ADOBE x3”: 
en cp9l 007% 1 29136 T'51 
oi off pb 
lc. wre t0 get pen 

*ſelikin iniucber | 


as the mera uh in Rn unto 45, go: 


oh por FIGS ; 
$ the diameter of a Cylinder being 1 5 inch- Z E 
eq NY LERLAPR "= 
A unto 46. 90: fot P3: 3573 | þ 
atE-34 237.0 yp: 78 - = 
ig. Having abs tt 


yl 
foot mea fare, to find the lengthof's wr ens g.--= 


ſolid is foot woe#ſure. 


a; he dd in ice; wato ly 13f3 
$© is x unto a fourth nu 


and Sau Gent 00 5he-they RG. 
leggdsin lo : 


as 'h, 201k 1 197070! 1121885 * 


So As nd being x foot-25 | the, = 
wt; == = OR be found -abour 8. 


14 PAR OL UODe., Tl OED 5 
'Asr. 17 wats" i. _ ts IG wy! wa? FS 
ſoarc 9927 wnto 8448, 


"no to finde the length of a four ſo 
- dn WT ent weft He: : 
\ 2& "" it CS» | Is 
Fn eee in bo heivg 147, 16... 
S015 176 @foarchiomaaberss ©) : 7 1 0101!) 
(5x! tharjountgo rhe lagthin tic S008 


14iHaving TREK TECH ofa Ofoedrs gots 


$4 The ufe of 'the mt of Nanbers 


' ' So the circumference being 47 inches 13 parts,the I 
of a'foot foli/willÞe 5 inches 74 parts. 
eAs 47. 13 unto 147+ "36; 0 *% cto 2,13. 


and ſo are 3, £] wo Jv. 
© neigh vt 
& for rh: ho 


ATE of 
C15 ans the ' vir cet M 
; enſure td he fot Arch 

As the tNantfepetice! in Farms 13, mw 

Sois 1 to number; 

and that fourth ro the lengehi ig foot mcaſure. 


So the circumference being 3 foot 927 parts, the length ofa 
hor (od Till befonndec be aboie $12 parts? 


- As 3+ 937-UNO: 335 45s: ho Per nga Ll 


* 


- andſoarc g0 3400 8454.) :\: bn 
"26 Having the [ide of 4 ſquare rd baſe of « C line 
c ary s Prdite ings of a fo « ſold £ 


f Tho bde ofsfequare 6quilleothecieels; may te fond 
by thee hch Pr phy pune broad mcaſure, and then this 

wrought by the firſt and ſecond Pro- 
poſition Gol ſolid [eeaſure. 


("x7 H "ihe diawaner of a C ylindes and the 
w. prom incheq,z0 fed the \conton 7" vb ng 


As 1.128 unto the diameter in inches : 
'$o the length in inches to a fourth number ; 
endth S acre commenter: ;inches; 
1 43\36%1 OLED 
Xo the diameter bei ing 35 inches, andthe len h 105 zhe 
_ of the Cylindes villbe found to be t18555 
inches, 


As t. 1284 (into 15: ſoare 105 une 1395. $9 | 
and ſoare 13959 w unto 185 55+ 344; 3 
4 


in the meaſure of Cylinders 15 


bt diamitter and longt Gt a9t 
IO 1s indabe q eek _m_ 


As 1, 128 tothediametet infeer 
So the length in feee 46-2 fourth oumber;} ,.; - >, 
_ chat foureh te\the-conte evrgol of. 8 
So the diameter being 1 foot's5 PartsAtd the engrh 8 
ſoar and 75 parts,the'gontent. of che yhocar Will be fund 
about 19-foot 75 parts: - is 10 hug 0 283th ge 04D 
As1, 12$unto 1- 25: (08. 75 unto 9. 693 ———_ 
andſ0 are > SPUO.IB, 74. 1-.0þ Org "7. 


* 19 Having the diawner of « Cylinder, a ces 
dives in inc berece find the yeprent to ſoft. 
As 46. 95tathed? r in inches nu TS 


So the kength i Ex ro (GS number; 
and chat, ta:the, content.tn fects, ... . 
$0 the diameter be 't5 inchesand che lengl zo5, he 
content Will i foot! pa parkss! 15! mute 


+ 1M PRrnere@ WLSESbeAFiu: 
fo ire pu > 


S7<2 an ogg l 


L) face Jegs in inch 
Wage CONE ONS 
1166 5 FOI bn 6 


"A$.3. =. the diameter indnehey's* 4= 1 \FY 


So the kengrls in feergtroafburely 00rP.. 
and that nl hy kw in teer. 


| Sothe diameter le 
parts, the colteae Te ens jo [oor Fepar wo Foe 75 


20 Nl, 


A$S13. 54unto't 5r{b Hh &2 3; 
ſoare 9, 69 unto 10. 74, 99: 


21: Ha-.- 


"— 


lhoov-19y 5 


: Sh ont yelf lt) 27 ah? rt 2 "” 
cdl 345 unto 47. 13 (3 ut Ie, = 26-67 wg 
by i fogre 1395 0: ND &y | 


22 'Y' q ths bay wr and Pjtb of 6 
| tn. A ta fnde the 


A147: 56roterrcumbernc tn alas 
*Foarhe wo mints > wang oe 
and that in fcve-. 


(1183115506 
Foy = en AT 


mY Hay RY x1 T3" uno »\ 
Th 10P 


Hs 147 Ang : 
% F+ 
and ſo are 33. 58 unto. 0.74. 


ome ent om 
29554 141 fa: 


db ne $o tbe ctcunifettiice ti 6's | h 
fn fret to a fourth nomber; - © 
India fourth I En, | 


T% C4.0h 38 ©2370) 


inthe meaſure of Cybeders, $7 
'So' the circumference being 3 foor 27 parts, and the 
_ $ foot 73 parrs, the comene will be | tobe 10 
foor 74 parts. 
As 3,545 unto 3,944 i {675 unto 9,69. 
myo unto, _ 
14 Heving the tircunfer fiver"in incbts and 
| rhe length in an ator 4; the content in feet, 
vets 4c to the circumfercace ia taches; 


ngh in teet to a fourth number ; 


« 


that fourth ro >the content in teer, 
So oy clircumferznce being 47 inches 13 parts, and the 
h 8 foot 75 parts, the content will be found 4s as bc<tore 
74-PArts» bs 


As 4+,<4 uato 47.12: ſo8,75 uno 9.6g* 
aad (o-arc 9,69. unto'10- 74, 


CHAP. lMIL , 
The uſe of the re of Numbers X Gangerng of teſſels, 


0 ra ch arc heres m ſuppoſ; 
Ti Cyl bs or reduced unto | yds, by hk - 
the diamc- 


the moan ache dlomamas at the 2 
tec at che þongue, after the uſuall manner, ;: 


1 Having the diameter and the length of « ve{ſoll with the 
ronent thereof, to find the Gauge potnr, 


Extend the Compaſſes in rhe line of "Numbers to half 
'the diſtance bet weenthe content and the length of the veſ- 
ſel, the ſarne extent will reach irom the diameter to the 


gauge point. 
I pat this Propoſition firſt, becauſe theſe kiad of mea- 


fares arc not alike in all places. 
I j Here 


LS an Numbert ingauging. TT 
at wh beth aut rebel hoig  66in>. oF 
ae whe f RG -rrue, a may divide | 
parts: 
wa Ares agen 146, ry, 10790 9 dh opts 
from T2400 146, wil! reach fromthe. d rj8 unco Þ| 
17,15, the « nt for a gallon. of wiac or oyl after . 


The like ike reaſon a hoketh for = like meaſure inall ther- 
places” 1 7 oF 


Ha Mtn ae 42 NE _ 
. whe veſſth, to Sud thi conenr.. mM 


\. Extend the compaſles fromthe tothe meat. 
diameter, the (arne extent being  gange- ou givc the di- 
ſtance from the length tothe content. ; 

$95 the No aleer of a inc veſſel being 20inches,. 
and the length. 25 inches, the coatent will be fornd to be 34 . 
gallons after Londow meaſure 

For extend the com Sfeoh 17;x5.unto-20, the ſame 
extent will reach from 5 unto 2941 5, and from.2 9,15 un» - 


4 minaer, if the mean diameter were 16:iuches,and: 
he gy 23, the contehr will: be tound/ to be abou 20 . 


£2 

For, the fame exrene which-reacherh back from 17,15 - 
unto 16, will reach from +3 to 41,45, and trom-23445 ut ; 
£0.20, 

So that if the mecan.diameter ſhall be 17 inches and 15 
centefrces Or parts of 100, rhe number of inches in . 
leagth of she-veſie}, will give the: number of gallons con- 
_ ncd inthe ſame vyellcl: Sit the diamcigr tha bc mavre or 

can 1731 3,8he coutent ingallpns willhe accordingly 
myre or leſle chan the lengrh in inches, 


3. Having the diameter and content, to full the length. 
Extend the compalles irom the diamyter rothe gauge | 


p Oiar, | 


© * "the ufe of thn. UM in Aſtronwny.. 
7 --vint,' the'ſarve excent being doubled, 
'F <othe gauge-point ſtanding e, it: I be 
4 «8 fnches, afndthe coment 324 gatloc + winemealyre, the 
© -#ngtiof che veſſels will Beigund 


abour 66 inches, 


"4" veg hotregebofonr fed, anlrhe come 
| F hy. 115 = 


WP, 


Extend the compaſſes to-balf Mediſtance berween the 
length and. the conte - the ſame cucent fhall reach from 

| the gauge-poſnt ro the Image. © © 1.4 2 
$othe length befig'ss inches 'andthe-contene 324 gal. 


as wine mcalure, int tanding as betorc,the 
darinter of the veſſel with-be found 60-be abour 38 ioches 


_—_— 


— — —— a— 


———_ 


| 4 _ 9 
. IF ol s 
h 4 t 


Centalnbig ſuch Aftronomical propoſitions as at of orainary 
#2 w/e in thepradtice of Navig ation. 


4 To findthe altitude of the Sev by the ſhadow: of @ gnomen 
ſet perpendicular 10 the Horizon, © 


{-. - As the parts of. the ſhadow, 
are to the parts of the gnomon: 
So the rangent of 45 gr, 
tothe tangent of thealritude. 


 Extendthe compaſtes inthe lineof Numbers, from the 

' parts of theſhadow tothe pattsof the gnomon ; the ſame 

 <xtent will give rhe diſtance from the tangent of 45 gr, to 
the a—_—_— of the Suns altitude. 

So nomon bemg 36; and the ſhadow 27, the alci- 

tude will de fotind to be 36 gr-52 w. Oc the gnomon being 

27, andthe ſhadow 36, the dkiae will be found to be 

__ 33 £”* 


—_ 


— 


3 r.$w, Or the ſhadow bein 16, ang the gnomon g, * 

the alrituge will be found'to be 2487.14 »\, as inthe oak b 

ono theufe of - | K.tG 1: 
"1frhe giomon be'z3, 

are 15 25 Themed bet,” | 
2 Having the diff ance of the Sun, from the next equi» / © 


LON, , as? | 
the.Suas greatcſt declination : . 
Soche- fine of the Sans diſlance from the next equi 
tothe ſinc of the declination required. 

Extendthe Compaſſes inthe line of fxer;from 90 gr. ta 
2327- 3ow, the ſame extent-will give the diſtance from. 
the Suns place unto his declination, -- x 

So the lun bcing cirher 4n/29 gr. | Tanru, Or 1 gr. of 
eAquarins,or 1 gr. of Leo, or 19 gr. of Scorpio, that is 59 yr, 
diftant. from the next oonlanchial poiat, the declination 
will be found ahour 20 gr. | 

If che ſan be {o neer the equinoRial point, that higtle- 
cligation fall to be under 1 gr. it may be found by the line: 
of numbers, ASit the (un were in 2 gr- 5 ww. of «Arie;that is 
125w,from the Fr wars point he former extent of the® } 

Compaſſes trom the ſine of go gr. ro the fine of 23 gr-30 m." 
wilt reach inthe line'of a»wbers from 125 unto yo, Which! 
ſhews the declination'robe about go'm.,'®! 7 | | 
3 Having the latitxde of ,the place, andthe d:clina- 
t19n of the Sun, to find the time of the 
Swn rifing. avd ſetting. 
As the co-tatigent of the lacirude, : 
* - fothe tangenrof the ſuns declinationy 
Sa is the Ratings, | J 
ro the (ine of the aſcentional difference between the 
hour ot 6, aud thetime of the ſuns riſing of (erting; 


- Extend the compaſles, iram the tangtnt'bf the compie- 
MCT ; 


| Þ | .- im Aﬀrronomy... 61 
k 2 at of the laticude, tothe tangeat ofthe declination : the 
9 fue extent will ceach from the fine ob g@ deg. tothe fine of 
*F the aſcentionalditterence. | ...... 7 4 4 44 
*. Or extcad the-compaſies. fratn.the. cov it. of the la- 
tirade to the ſine of 90 gr, the ſame.extent will reach trom 
"©  thetangent of the declination, co the: fine of the alcentt- 
”  onaldifferences. + > » in? 
$o the latirude bring 51 gr.+ 30 + Normbward: andthe 
declination 20 gr- the difference of atcenſion will be 
\ found tobe 27 gr. 14 w. Which" rcſolved/ into hours and 
minutes, doth give 1 hout and almoſt 49 w.: for rhe diffe- 
rence between the Suas riſing. or ſerring. and the hour of 6, 
according to the time ot the yeer. . | 
4 Having the latitude of the place, and the diſt ance 
: © "of the Sun, from the next equrneiiial print, (s 
| 6-4 hu ampliude. 


Asthe co-ſine of the latitude, 
"to the ſine of th- Sans greateſt declination: 
Sothe (ine of the place o' the yunz | 
"tothe fine of the amplitude., ns. 
$othe latirude being 5 1 dg. 130 win, and the laceof the 
fanio-s deg; of Aq«4:14s, rhar is 59 degrees diſtant from 
the next. equigoHal point, the amplitude will be found 
' about 33 deg 20', For excend the Compaſſes 10 the line 
of nee, from 38 deg. 30 w. the fine of the complement of 
the laticnde- unto 23 deg. ;o w. the fine of the Suns greateſt 
declination; the ſame extent will reach. from 59 deg- unto 
33 419-20 m, Orcxcend them from 38 dep. 30 min. uwito 
59 4g. rhe ſarge extent will reach from 23. gr. 30 win. unto » 
33 27+ 20 win. as before. 


5 Having the latitude of the place, and the dicline- 
tion of the Sun, to find his amplitude, 
As the co-fine of the laticude, 
15t0 the Radius 2 
So the ſine of the declination, . 
to the fine of the amplitude, 


262 - The uſe of the line of Sints and Tangent, 
- Extend the compalſes from the coline of the latiruders | 
the'fine of 90 ++, theſame exrevt wilt reach from: che fame © 
of the Suns declinationts the fiac of the wde, --.., F 

extcnd cher fromrhe Tangent of the lariznde-eothe Þ| 
ſine of the declination, the fame extent will reachfromehs |} 
ſine of .to the ſine of the amplitude. ; . 5 20719 | 
So the [atirude being 51 gr-39' andthe declination avge, }F 
the amplitude will betoundto be 3 5 gy « 20/) 116 56 


| 6 Having the latitad? of the place and the declinition * 
of the Smn, to | the time whon the Sun + 
- cometh ro be dur Eaſt or if. | 


ae Top pink, 
is to the Tang t ination3 
So the Radius 
to the coſine of the hour from che meridian, 


Extend the compailes from che Tangent of the latitude 
the Tangent of che declina:ion, the ſame extent will 
from the line of 90 gr-tothe finc of the complcment Wir 1 


K. Or extend them from the Tangeat of the laticude ro the 
Aincofgogr, the ſame extent. will reach from the T > |. 
- gent of the declination tothe fincof the complemeut olthe 


% 


© $o the latitude being 51 gr.20',and the declination 209, 
"the Sno will be 93 gr. 193 that is 4 haures,and 53, from 
the meridian, when he cometh to bc in the Eaſt or Wed, 


' 7 Having the Latitude of the place, ard the declination of the 
Sun, to find what altitude the Sun ſhall hav, when 
he cometh ro be due Exſt or weft, 


As the fine of the latitude 

istorhe (ine of the declination: 
Sothe Radius, 

rothe line of the attiende, 


TT Eitrend the compaſſes inthe line of. Sizes from the lati. 
k page ne —_ declination, the ſame extent will 
\ F reach;trom the fincof 90 gr- to the fine of the altirude. 
-# Orextcqdthem trom the (inc of the latitude £6 the fine of 
| g$05-the extent will reach fromthe fine of the decli- 

F- nationtothe fine of the altitude. | 
_F  - Sothe latirude being 53 gr-3%and the declination 20 gr, 

# thealtitude will be found > Gs 2547-55 


8 Having the latitude of the plarey, and the declination of | 
the Sun, to find what altitude the Sun ſhall have 
at the honre of fx. 


As the Radius is in ion 

to the ſine of the Snns declination : 
Sothe fine of the latitude 

eothe ſine of the altitude, 


"Extend the compaſles in the line of Sizes, from go gr. to: 
thedeclinarion ; the ſame extent will reach from the hath 

tude ro the atilrude. | 
..Orextcad ther from ,o g-. to the latitude,the ſame cx- 

/# tent will hold from the d<cl}:,arionts the altitude. 
 , Sothelaticude being ;1 gr. 30", and the declination of 
The Sun 20 gr. the alticude ot the Sun will be found to be-a- - 
bauc 1587.39» 


xgry H aving the latitude of the place, and the devlination of don 
the Sun, of ac: what +/{a.imwurth the Sun ſhall '' 
ave-at the' bewr of fix. 

As the coſine of the latitude 
isrothe Radius: - 

So the corang-nc of the Suns declination, 
co the T anigent of tac Azimuth from the North: ' 
parr of the meridiaa» Sg | 

Sothe latirude b-ing 5 1 gr+ 39), andtliedeclination 20 gr, - 
the Azimurh: will be found to be 7 7.97, 14%, For exctend | 


64 |[{Tbe uſeof thelinds of Sines anil Tangents, 
the cotnpaſſes inthe line of Sines, from 38 gr. 30, togog, 
the ſame extent will reach from che genres 70ers 4 
the Tangent of 77 gy. 14' 


' 10 Heving the latitede if the place ond the declination 
nn of the Sung and the altitude of the Swn, ro ud 
_ the Azimatrh, 


Firſt conſider the declination of the Sun, whether it be 
coward the North orthe South, fo have 'you his diſtantc 
from your pole: then add this diſtance, the complement of Þ} 
his alticude, and the complement of your latitude, all three 

, together; and from halt che ſum ſubtraRt the diſtance trom 
the pole,and aore the difference, | | 

t Asthe Radius is in rtion 
to the coſine of the alritude /; 
Sothe cofine o! the lautude, 
102 foutth line, 


2 As this foorch fine 
is to the tine ot the half ſum: 
So the'fine of che difference, 
to a ſeventh line. 


Thenfind a mean proportional between this ſeventh 
fine and the Radius, this mean 'hall he che fine of the com- 
pom balt the Azimuth trom the North part of the 

idiath | | 

Suppoſe the declimation of the Syn being known by the 
"time ofthe ycar © he 20 gr. Southward, the altitude above 
the horizon found by obſervation tz, er, and rhe aritade 
Northwards 51:;gr+ 5o', ic were required to finde the Azi- 


. 


The declination is Soutl*ward,and therefore the di% ance 
from the pole 110 gr- then curning the: altirude and ha- 
titude wmotheir complements! ad them all three ragraver 


- 


i ge as Effrontmie. » l *J5 þ 
38 ſcombgtthe fuck | $3. 7 —_ c from the . le. 
0009 ont 6g nee ry > (ihe Rey - 

Declin.Souch 2o gr-.0w. Thediſtdnhce | r10gr,om. 
: , pd 


Alitude 3... 9,4 complement 458 A 
Latitude,N- $0, 390, FRO Ng 38 30 


Theſtitti of all three 226 1 36 
| of 17 +86Þ The half ſum ri3-..25 
| 9r7-Hit - 1 Thedference 3.:.t5 


; This done, I come tothe S4affe,8 extend the compaſies 
"Hin the fine of 90gr.torhe fire of 78 gr-and find the ſanm> 
exrentto reach from rhe line of 38 gre30wunto 37 gr.,zo'. 
Or if 1 extend them from yo gy. to 38 gr.30', the-ſame ex- 
rent doth-reach trom'98' gr- anco-37 gy. 30", Which 15 the 
fourth ſine required. _ STR ed oa; nc 
"" ThenTextend the compaſſesagain, fomn this forrth fine 
-of 37 gr 30am. unto th fine of cthe* half fiim 11rFyy. 15 x. 
| that is to the ſine of 66 gr.45 »». ( for after'g gr. the ſine of 
$0 gr doth ſtand for a {ine of; roo gr/and the ſthe of 70 gr. 
for afine of r 00 yr. Yatid fore reſt for thoſe which are their 
lements to 180 gr. ) and this'feeond exrent doth 
FF reachfromthefme'sf the differenee4 gy.1 5 w. tothe lihe of 
| 4 gr. 54 #,Or if Lextend'them fromthe fourth ſincot 3} pr. 
| ©0%rothefineotrhe dierrnce 25: 15». the ſame. eXrenc 
"Will reach from the Hne of the balf ſam ny. 15, unto 
44yr/54#. which is che ſevearh fie requt ed. 4s 
*Laktly, L divide the ſpacoib&weer chis ſeventh fine of 
+ 54.and the (inc of. go gr. into.two cqual parts,and [ 
ke mean proportional. {ide to fall on'17 gr. whoſe. 
tis 73 gr- the double of 73 gr." is 146 gr..and 
Auch4s che Azimut; Zee | "rey" 
Or havicg found the (eventh ſineto be'4 gr. 54', I might 
look over agaiaſt jr, inthe lincof Ferſed fines, and there. I 
ſhould find 146 gr-- for che azimuth from the North part of 
the meridian; and the complement of 146 gr. toa ſemicir- 
cle being 34 gr. will give the azimuth from the South pare 
of the meridlan- . = 
k ut 


os 


66 . The afoof thalins of Shnes, FER 
f it were required tofinde the Azimuth in 
le of v1 £9. 56 Northmards with the fame altitude of- _ 
12 gr. and like decliniatiou of zo gr. tothe copay ner F " = 1 
Id be tound to be only 5*.gy. 52%; though. the 1 
Jock berks ſarne as before. 
'Declin- North 26gy. ow. Thediftanceis 70g os. 
Atkizude w ©. The complement 78 | 
Latirud. North 51. 30. The complement 28: 6 


The ſumof ali three- © 186 . 30,, 


The bali fum "91 7 
The difference 23, Is. 


Here as the Radius isto the fine of 78 gr. ſothe fine afy8- 
&7-30/>t6 »tothe fine of 37 gr- 39/Which isthe fourth liacand: 


Then as.  akliGndk ſine of 75.46 neo (ne oft go 
15/ MORSE D923 gr Fs rat af.40 gre 20 'which 
is the ſeventh 

The Mifar eenes he oomak Cepand i farle 
£ d rom 1 5 a 2',the Azimuth re - 

1 may finde chis (ame Az murh ia che line of Virſed, 
gnoer agil he lene ive of 40 GO. | 


nt Having the betinnds-of the place, the declination of the __ 
Sus, pl yrign'dad altitud: of tbe Sun. 80 finds . ol 
the hewr of the day. 


Add the complement of the Suns alritade, — the- 
diftance of the Sue Sun from the pole, and the 
laritude, allchree rogether, and trom all oe the fur 
_—_ the complement of che alticude,' and note the dif-- 


: As the Radius is.in proportida 
tothe fine of the Suns d: [tance irom the bw 
Se.the (inc of the complemear. of the laticude, 
t9'3 jourth ſing. . 


2 As: 


- v 


2 Asthis fourth fine 
is cothe ſine of the half ſum; 
.$othe fine of the difference 
co a ſeventh fine- 


The mean proportionall berween chis ſeventh "fine and | 


' - thefineof 99 gr. Will be rhe fine of the complement of halt 


from-the meridian, | | 
x, {rn Joc lacicode of 51gr. 30', che declingtion of the 
Sun being 20igr:Northward, and the altitude 12 gr. 1 
might God che Sun co be g5 #; 5.2, fom the merigian, 
izuc 1227, o', The complement is 78 gr- ©, 
Decio, North 2 o thedift. fromthpole70 © 
+Latitude 54-30 the cumplementis. 38. 30. 


The ſum of all three. a86 ' 70 * 


-* -» " Thehglffum | | $3 5 

© 1+ "Thedifference } T5 15 

Nere as the Radius, is tothe fineof 7ogr. 

*$0the ſine of 3$ x», 30 , tothe Line of gy gr.48”. 

'As this fie of 15-gr-48 ws, is £9 the {ine of g3 ge. 5 an. 

_ , Sotheline of r5py-15 mjtothe 26 gr, 40 ws, 

_ _ *Thehalfway berweenthis ſeventh ſine of 26 gr,q0 wand 

227+ 4 m, Whoſe complement 

bs 47 ge.56m. and the of that, 95 gr. 52mm, which 
converted into hourcs,doth give 6 honres and almot 24 we. 


 Ortimightfidethele gy pr, ram. in the li of 
: Sins, OV agaiult che ievenah ne of ———— "4 


"12 Having the aximeh, the Suns altitude, and the techs 
nation, to fiude the bour of the day, 
As the cofine of the declination: 
i5to the fine of the azimuch 
Sothe cofine of the altirude 
tothe ſine of the hour. 
Thus the declination being 20 gr-Southward ; 
tgr.and the azimuth fone by the eench Dobra 
Kk 2 mig 


The aſt of the Lint of Lines in Aftvonawle., gf 


/o. 


Il- 


12 


13. 


6; The aff of the lines of Sints 46d T angente, 
might find thetime to be 35 £*.36 w. that is 2 hous 23 
from the mcridian, ; - +1/j 


he hour of the the bh ad. 
wa ag. 8 card fo de Lia 


"Asthe coſine of the alcitude.. 4th bin 
isto the line of the hour. | 
+ 1: Sothe coſine of the declination, 
to the fine of the azimuth. 


$0 the alticuge of the Sun being x2 $7.3 and the declination: 
20gr. Soithward , ad the angle'of the hour 3 5 gr. 36m. 1 

ſhould find the azimuth co. be 34 gy: Andſoitis irberec- | 
pond from the South ; but 146 gr- if it be taken trom'ttic 
North part ofthe meridian- . .... 


- 14 Having the dſt ance of the FOE the nex. equi- . ut 
. notiall point, to fd his right aſcenfion 


As the Radius 56 
- to the cofine of the'greareſt decli nation : 

So the Tangent of the diſtance, * 

to the.cangent otrhe right” afcenfion,)' !; 


$oche Sun being in the firſt degree of Aquarimt that i is, * 
987 «diſtant from the nexr equinoCtial "in & the "I 
telt. declination 2 -30.mthe tight aſcenſion will be found. 
ta be 56 gr. 50 ww. t of the begianing X dnaaud there- 
393 £7, 1.4, (1 
5 "Having the declination of the- -fuw, 19+ fheds- 1 
wn 4. bieright aſcenſion. 
as the c2ngent of the > wr declination 


is tothe Tangent af the dclination leiven : - 
So the Radius. " PR : 


F 


rathe ſine of theright aſcenſion; 


So the greateſt declinationbein 23.7 < EO 2g the de- 
cljaation of the Sun given 20 gr, the ria 


77 Ui 56 gr,” 50m, 


e right alcenfion willhe 
' -16 Having 6 


uIn Afirondiny. 
16 Heving the gina and (aritnde of a ffar, 
To find the right aſcenfon of that, flar, 
17 To find the declination of that Rar. | 
The ſtars have little or no alteration in their latitude, 1n 
their longitude they. moye forward, about 1 gr, 25 Pol? 
att hundred years. Theſe being known, 
rothe ſine of the ſtars longitude: from tlie next cqui- 
noCtial point : Et 
So the co-tangen: of the ſtars Jaticude, 
tothe tangent of a fourth ark. 


C this fourth-ark. wich-the ark of diſtance be- 
tween the poles of the world and of the Ecliptick... it the 
longitude and latitude of the ſtar be both alikez as when the 
longitude falleth ro be among the Northern fines, Aries, 
Tamia, Genvini, Cancer, Leo, Virgo, and the latitude is North 
= (nk gov nes : of the longitude among the _ 

Libr 4,S corpie, 5 agittarins, Capricorn, mw, Peſces, 
the latitude Souctnwand then ſhall the dificrence between 
this tourth ark and che diſtance of poles, be.your firth ark. 

Burif the longitude and latitude ſhall be unlike, as the 
longitude in a Northern ſigne, and the latitude South, or 
the loagitud + in a Southern ſigne, and the laticude North, 
then add this fourth ark co the diſtance of both poles, the 
lum of both (hall be your fitth ark.” And, | 


. Asthefine of the fourth ark, " 

tothe ſine of the fitth ark : 

So thetangent of the ſtars longitude, 
tothe rangent of che ſtars right aſcenion; from the 

next cquinoCtial pojnt. 

As the co-ſine of the fourth ark; 
tothe co fine of the fifth ark : 

Sathe line of theftars latirude, 
tothe line of the ſtars declination 


Then for proot of the work, if there be no former error, 
the proportion will hold, . 


As \ 


14 
ly. 


Bo The ſe of the ine of lines 
As the Co-ſine of the laticude 
to the Co-ſine of che right aſc 
So the Co ſine of the dechoation, 
ro the Co-ſ{ine of the longitude. 
Fo take the apper of the two former farsia 
the (q TY A le Bear, 'which ſea-men call rhe Fore 
wer Guard. [This þ the Pear 405 fo 90 in '7 46g, 53 
of Lee, and ſo his longicride from t noing'of Librg 


r ” : 
v * # 
” 4 p* 
” i 


F2 <x-7 ”, Bur hls latirude is ſtill the: me 72 Ire 54.9% 
Northwards, Wherctore, $99 
AsJthe fire of 90 gr. - Any Ga 
i4tothe fine of 5 > gy. 22 9. | bt | 
'Sothe Co-rangent of 72 gu. 51.9. od | 
 totherangenmt of 13 $7.44 + Then, 


' a9hich is the fourrh 27k, Then becauſe the longitade 
, ven arc both Nacchward, che diftzrence berweee 
th aikand 2: gr. 31. the iſtzace of buctrpoles * 
will give you 9 8”: 47 w. tor the fiith ark, And, * 19 
Aschefineof 13.744 "<8 
tothe inc of '9 g7o 47 ale 
So the tangent of 52.9% 32 #- F 
tothe tangent of 42 g7- 56 + 0th 


Which is che 1, mar yer this ſtar, from in 
ginaing of Libra, but 322 gr» $36 m. {rom the beginning 
Ares. 

As the C:-fineot 13 gr. 44 8+ 
to the Co-fincot 9 gr. 47 *. 

So the fine of 72 gre 51m 
tothe finc of 75 gre 46 + 


W hich is che declination of this tar from the Equator A 


As the Co-fine of 92 gr, 51 + 
corhe Ca-ſine of 42 gr. 56 w, 

Sothe Co-ftne of 75 gr. 46. 
to the Co-ſige of 53 gre 7 9+ 


Which F 


in c Aftronomy- TI" 

»-h agreeing fo well with the Jongirude of the (tac 
be Mo proof, that the right aſcenſion and dc+ 
6linarion were oY tound- ' | 

Theſe are ſuch Aſtronomical propofirions,as Ttake to be 
uſcful tor Sea: men. For the firſt and ſecond will help them 
© ro find'their latitude, the third to find the Suns rifing and 
_ ſetting, the 4,56,7,8,9,1%23 Prop. to find the variation of 
© their compaſlle, the 11 20d 12 Prop. to find the hour of the 
day; and the reſt toward the finding ot the hour of the 
night- For having the latitude of the place, with the decli- 
nation and altitude of any ſtar, they may find the honor of 
the far from the Meridian, as in the 11 Prop. Then com- 
ing the right aſcenſion of the (tar with the right aſcen- 
- we vs they my Roy to the hour a night. 
-. Alltheſe propolitions and fuch others, may be wroug 
oby the tables of foes and ravgens. For where four num+- 

Uh bold in proportion ; as the fro hetero, fo 

third to the fourth ; there it we gen Ap 

the third, and divide the produ@by the tirft; the 
tlent will give the fourth required. As intheexatnpte dt: 
the 15 Prop, where the declination beinggiven; it Was t6- 
-—_ to find the right aſcenuon. Thetangent of 20 gy. 
the declination given is ; 63-5703, which pa ans pres 
by the Radius, the produQt is 3639702000000 this - 
divided by 4349 t 24, the tangent of 23 gr, 30m. the quoti= 
eut is $37074 \theſineot 56 gr. 50 m. for the right aſceu- 


re . 

.Oc F any will uſe my tables of: ar1ificial fines 8 tangents, 
they may add the ſ-cond a1d third together, and from the 
ſur (ub.raft the firlt, the remainder will give thefourch 
required. And ſo my Tangent of 20 gr. is 9561,0658, 

which boing added ro the: ,mak*s 195610658, from 
this if they ſubrrat 963 8,301 9, the tangent of 23 gr, 30av. 
| they ſhall find the remainder to be 992247639, which in 


my Canon isthe finc of 56 gr- 49 #- 56 ſeconds; and ſuch is 
the right aſcengoa-required, bf it be reckoncd fro.a the 
next equinoQia) point. *: 
The like realoa boldeth for all other Aﬀtronomical pro- 

| voluions; - 


J Theft of the line of line . by, 
golitigns, as I will-farrher ſhcw by thoſe two/ex: 
hich] examples 


reſt, and require three operations. -. . 
1a che fiſt Example. «ed hes 6 
__Detlin. Sonrh '2'© gr. ow. The diſtance 110 gr. 0. 
Altitade © © 12 © - thecomplement 48 © 
Latic, North Ft 3o _ thecomplement- .38 30; 


* i& 


The ſumof allthree 236, 30, 
*The half ſim 143 ; 45561 
The difference L 5 13+ + Vin 


| The kicſt operation will be to find the fourth ne ; and 
that is done by adding the fine of the complement of the 
alcicude cothe. hneof the — of the qe ed 


ſuhtraftiag the;Radius : ſo adding 999044044 the fine. 
7 f7- UtDp7941495 the ne of 38 27, 30 ”, the ſin; 
e 19784,5539-.. And the Radius being ſubtrated, the re- 
maiager. 978415539 is the fourth fine, and belongeth to 
'3 Yr, ZOW, « "TA 5 ; W, 
Fe ſecond operation will be to find the ſeventh þ 
and that isdone by adding the fine of the halt ſum to 
fine of the differeace, and ſubttaRing the fourth Tine, 
che half ſum being 13 gr. 15». 1 take his complement to 
ſemi-circle, and [0 his fine to be 9663,4168, co whi; 
Ladd. 87535278, the fincof the difference 3 gr. 15 w, a 
+ the ſam is 18716,7446+, From this I rake the ſourth 
9784.5 53 92800 che remainder will be 8931,1 907, whic 
the {evet 


Gne, and belo gihito 427, 4, Wi 42 
36 +4 RA 2artio 


"The third operation will be to 

nall ine between the ſeventh line and the Radius. This in 
common Arithmetick is doaeby mulciplying the two et- 
7 ams, and taking the ma EE of the p 

Ipg 4 meanpotportionall between g and g, mw—_ ukj- 
ply 410to >and che produtt is 36;wh clquate ropr is 
the mean proportional berween, 4 and 9. But-here it 1s 
done by adding the Sine and the Radius, and. caking the 


half 


ve before, pr the finding of the azimurh in thef © 
Lo Prape. lc thay are thought to be 'harder than the_ * 


ſ . 


produR,, Asin 


1 | frog y. whoſe £0 Ea - 


th dxigwat a 1 YIGhIp 1 


171% jb ! C0255 
4] Tnthe THR" 
1U 68 vs" Thediftande : - 70 gro0 w. 
pn : , Thom ement by © 
UP Ws "A 7 257g? 


fo 37S (| 70 
WL ARCk 
Th& ha SA 93 15 
=== 23 15 


tion will be ro-Gad the fourth fine, and 

,F329. as in the former example. 

tion will be to find rhe feventh ſine ; 
of rhe grams hu 15's, being the 


7 20 ”,. 
»y Carition will be ro find the meanproporti- 

dry berween the ſeventh fine and the Radius. And ſo 
| & added tothe Teventh fine, whe fum 
efhe 'tg$1 1406237 /a6d _— ot that 94053353174 dork 
te is 26 yr 26-114 Arud 


fine/belongiog roaboat 5 g. 
27 54 (rhe fache'Azimurh as betore, © 5c! 1?! 


havelerdown thef© three examples thusparticutariy, 
n- ſhe the agreement berweebs the 'Sraffe a 

Imighr deliver horh the preceyr 

andthe work, for the two laft;'1nore.campendiouſly, © Pot 

gemerally in all ſpherical tri gles, where three ſides ar? 

known 


v7 
(== will be g81 140623 7h. the (eventh fine, and be- 


6 26, g905l93 SO any 
RD STRKEuT res Aon} 


| DIEINEe -with 

cond cxample,: | 

the numbers tobe. [ 

fe hn et of I 10909; nate bares - 

139.5956: e of 9794. 1495.is|207, B5951 

Fo 9es ed of ſubreaRting hoſe ences y'1 may add 

reſidues after this Manner. ol ff ;i8 
Wt $5345 ' 5 145: 1509! Hen! VION 


a Th we of ahelanis of Yaggand Tangent, 74 


% 14 \\ eh - G6; \'y +, 23 38674 VT. 7 : 
Tian itig © 9 1-4-0 42 
. * 0 WW. 07 *&7 4 Þ 


[2 
LA 


FI 


>: 2 
RR no 


T3 
ay vnag 


The "46 


Haring 
means tO 
Suns __ 
may | 
the Ditical azt- 
mark and ſo find the 
varigtion of che nee 
"te. 

For. let the circle 


5 before, to be 73 tear the 

eſtward, we may allow y, from 

| ano Nang io we'havethetrue North pong! e meri- 
q conſeqently rhe _— South, and Weſt points of 
| he con as i ſtance berween N a M ſhall be the 


C- Sar ode. my al Azimuth 
Mlhets ik fig azimuth A ZN 72 gr. 


AY t ditteretice between the rwo me- 
ridtans, giVc = vackiion ro wet it gr. 15%, as Mr, Meagh 
retro 


Te M, the Magneticall Azicuch. If we ag 
Nora Trl Ba a 


76. .- The weef yieag of dlnorand Tangerts, - 7 
heretofore fouad ic by his obſervations at wſe inthe. 
yeer 15 bo. Be if the magacticall aziruch 2M ſhall beyg } 
-- gr. 7 m, and the (uns azimath AE N 72 gy- $a: 9 then bai ; 
the yorkgnn N £ M be-only6 gr. 158.25 An, pores 
times found ir ot late, He n [ enquizedafter ice / 
where Mr, Borough and wentito Limeb:r»ſe with 
ſome of my friends,and wok with us 2: adrant of x toe. 
ſemidiameter, and cwo DAY one. aboves6 inct 
the ather a04nches where 1 mags the. ſemidia | 
of my harizogtall plan®A Z 12 inches; and towards night 
the 13 of June 1632] madeddſervation infeverall partyeþ. 
the ground, and found as followerh... © © 


FAry7 Z : 
61 £11.92 
' p "4 
ha: 44 
- 4 


10 , 20171 
9 25170 


CH AP. VI. 


97 ll get 2, W7yy 16>," 4+ 
Gomalning ſuch nautical queſtions, 6 are ordinwy. 


THe att itt ny be core 

THe way that the ſhip maketh, may be khown/roau old”, 
Sea-man by experience, by 'crhers it maybe tonnd for 
ſome {mall proportion ot time, cicher by the'logge line of 
bj. che diſtar.ce of two knywa markes 0a the hips de, || 


7 


"Sf 


The time by amach this way, ma : 


© 1; FRY» 
| x - 


7 - 


© 


| nana feb aud Tangent, 


= 
— -—— 


IF 7 


. 
« « 
— — 


EPS. oL 


w 
- & 
S w F - 
- . _ 
By 
— DoOISDoOSDSa0D66 
- A _ 
= © = - 
: . 
- 
_ —_ pt -- ——_— = — 
TY " 
. 
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$L, unto 21120.” 4 
hich ew har a0 hour way cameto2rr: 


| _ 


SIS LR by 
352000 4 
0 {F-T attend the-Com i] 
Numbers from 3516000 unto 21 120, | ! 
Bice of pre de to reach' from 201 "if 


ve he eat bf forming 


of thili as »* "IT 15 { £200, 


f Fenn 2 


-anc dilt is-not AR wo 

Again, this account dy nes 

mor Tg and the ad arg ultipli 
t 


4 > Net ither would chis Hy | 


"” Mina, "woah a) ho yo # | 


, — : 
; 


Fe pe nn 
Fg 
21x20 


187 a+ © 


If 1 5.2099, UNC 21120, 38 
befor ame extent 0 reach oe 109 un- | | 
[0 6,48 ich WP IREir2 that the ie 
\as 7 oodo make te a Were, 408 pb | 
'* ordin; IC. ; 
Thismi be daneacone ration, For upon ;n theſe | 
+ bo vide 44 fect into.45 ngths,and wp mavy | 
of them as yau may "comrenienty b PE) rwo,natks on 
RE Ons | 
| proportio 
!** Asthefocgnds, - 


hour, ttaro. the the Cotes 


| wr divided by the cime, fall give the 
5h Sy gocth in ai hour, , . = | 


* rage hn i whe) as 9% gents. 
hci tp jon erha rien! 


COM. oe 
| - 7B. 


n ae. 'A he end 
elite knot atthe 


be fhip'ro ſo many c F 
PACce Or 45 
- Na Lange 


pO ereer's tecrand 4 i 
ah ill be Ti heath 


# rGy 009 4 inag 
h 6 rent. in the 
n —_ $1 Sy 


Seb: 


ideas gf 
| 7 ,or i Is, v; unto 5, 
place may makeproof of both, 
{ wthar, wh Ul agrees beſt with their experience. | 
"2 I) thiTatitnds ad difference of Hongirades ro fred ths. 
1anates7: Heperarepa freleah Safes 7 WY: 67's; 

.1: Astheiine wogr "111 7 7 0OQU ut! x/ 25h.geb! 
—_— 6 the latitide 2.1c. Ka 4% 0 


ce of a the Nw 


| 


7 it : $9 
| io io _ inc x mberi, ihe 4" 5 


kl rh See 11% = 0.3: 
L 06 lo 204, =Y $0 


XY! 


216 5 207.2 


I ok 


Uo Satan Toon wi ; 


FI "Ls 2 
Libris. 2454 1954 


i aſ 


57 ' 


— 


rr Þogv it? 
pf 2027) b*vift- 
$% oY 
Xn Reetnyd 


+ of þ+ 41 


+. 
9 IR" 


(293 ! ' +Kri42*, "Hs 15991 5 FEE I Wy , x; « *110% | 
ork. 24 þ 4; hts me 4 4 4th kya 
I I a Hg >|" TD 
lob 403 36 Þ:+ £0.24 7 -O5L © 1% 420! 
inc) DO ey JI! "_— | 
pol. 010414 bros 0! BF tr 011 5100! 
} Shes”; $4 2 ER 1 % 
UE , | 8 act! f. via 
i 4) 6 RT RR <7 <} 1 yotc 
% ;þ | ., N 14} ; * A » . ' 
(GT HM Gn RP gg poo neue 
+6 > - $ » Tots ' To PL is X " 4 I, 
Ls mM Nie oitvt Lb], Eu 1h 
L438 4 Fe "iP . ; " 


ITE. RanpgNg = 


", 
4s 


I We _ $0 the | parallel 
Þ 0 be alirenceot loogiae, mplemer 
iN pr. ne of the ©0 
| wr bb Soph the ereris of 


c Titancs upon a courſe of Eaſt or Weſt, in the lati- 
x £5. 39 w- being 109 cene,the difference of longi- 
wEcers be found 1. 60, which make one degree and 60 


Or Se Eanticythe dterevie of lo itude wil be 96, 
HULL: I gr- 36%, as before, IAA Rs 


| (The itnde and latitude of two places iven, to, 
b- the Rymblcading from the omato't pat | 


| 
E As the dittercnce of latitude 
| tothe difference of longirude |; 


y bothe rangentof 4 ; GE 
| Thee ofthe common Rumb; 
* 


rence in ho line of aovetr __ f- 
"Res of lonivude; 4, 


© tne an _——- wv 
frl) place being 50/82. 6 e, the, laticude 
wk Ladd fo racers 
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ly ne che Romb A 
M m Extend 


$2 The uſe of thetines of £/y;x, and T angenty, 
Extend the compaſſes either from the .ſine- of gegr.umts. 
the fine of the com omploment ofthe al arideahe lame 
extent will reach 
founts upcothe ringer of the hy: me. fy 
relſcexend fromthe fine of yo gr, unto the tan- 
ent of the Rumb before found; rhe fr tc will ceach 
rom DER wn t he comphemenc of che middle latityde; 
unto the F the Rumb limited. 
Sethe mi lelatitude berween jogy, ge wag Fl Z0w, 


gr 17 andre Kam nd 67 gre 23: 
ve nb nie 5 aw. in will below toe bon Ry 


_ to the meridian. 
If any pleasc: to work. by the Caper he ap Hora: bock 


EATEN | 932) o1fh 
+." Azthe difference of latitude :\ Look 10M 
_. tothe difference of | .- k> 
Jorsthe coſine of the middlc latitude die 

to the tangent of the Rumb required, | 


a. This Rumb tay be found by the belp of the Aderidiew 
the Staffe, For if I take the difference of latirude 

the meridian lins from 50.27. Unto 53.27. 30 
mtcltre i it in his al, or atthe b 
weridian line, I (hall race it we it there IR | 
may®be'talled the "a 


Wherefore 1. whore # rhe difference. of laivade were 
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ce of litude gee: 
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bg! 


of the Rumb before = 0 


en Navigatioh. ” $3 
6 I the Rumb and both latitudery; to fu the bf ener 


teens; 75 577 Horohaia Rn hs BOL 03454 


hatheaafoe of thi Ramhfrom ng meridian! 
tlie ſine of 
$rok. Nilerenceberwerh both latirudes | 2.0 
| . torhediftance &pone tho” Rumb.” WE has rs 


Pifengchs eompalles from the fineof che contiplarhin 
Rumb, untothe fincof 90 2 cthelame exrenc inthe 
of Numbers ſhall reach from the difference of lacirude 


| uots the diſtance upon the Rumb. 

oe he\atichdeofthefirſ firſt plactbeing ad 10 he bot 

” ofthe ſecond 52 gr- 30m. and the Rumb: from Ie 
meridian, If Iextend the compaſles from 3 3 £r- 45", unto 
th thefine of gogr- | =_ find the ſame exrenc in the tine of of 
_-  Nawbers tO m 2L7,5Q cope, 0 4 gy. 50 porn 

is the diſtaice required, | 


«4.2. By the dtence and both latitudet to fri Aqwb 


I "kpc Uſb on'the Ramb 
yh tothe ference hermectbthIaides 


I | ns Tothe colinegfke Rumb from the meridian. . 


4 7 dt Gi ſes in the line of awwhbers from the di- 
ſtance nnto the di of latitudes ; theſame extcort will 
reach in the line of Sizes, from go gr, unto the complement 
5 _ lace being in the knicinte af 

the one place being in t the oth 
in the laticude* of Ys. 30 m. and the pt berweeh 


| them 4 gr. 50 cen, If Iextendtheco trom 4-50 un- 
= To 2: A vche line of »wuwberg, Tall de the Fake! extent 


E -*to reach from the fine of go gr. unto the complement” of 
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untothe complemenr of the Rumb , the 


lingof Numbers, will reach from rhe diftance, uotg on F 


hep ya gr-a0d the diſtance; 


ET bra. 
Tac compalics irom t Fe - 
ſha _—_— —— to reach + c0-latka lineal 
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4 324 ference f pave ages 
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pod pg reach from +0 in hel 
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be "e nao oundia ang c tte 
ee ed, may be WAR ſub 
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, _ che | fine of the complement 
F 4he end he Souls | wer wie at 9 xy- the ſame ex+ 
F wncwilt reach in the line of »»wberr from the ;e 
/ ; &'longi tag mer whos difference of G 


3 7 | Hide rate the tyrhivermplbingyogra5 

F andthe difference of before found; 7 gr. 75 c#7- 

| * tho-difference of inlatged will be found abour 

+ Wer agate age. mech 

| ornate work by the. Canen, he may joyn borl 
in-one operation, 


| mop rtiayt=s from the Mctidiah: 


$ the difference of latitude 
tothe diftercnce of longitude required, ... 


mn dthrette of poſh c may be foitnd pg 
(S it of che Meridian line, an& 
| RE fd, She eq) coo 


17 7 0nO0 45 gr 
the tangeae of the © Rumbfromthe Meridian: 
"\ Yochedierance of Latitude ialarged, 
- * tothe difference of longicude required. 


© Wherefore having extended the compall3, a3 betore, | 
| fromthe of s uncothetangent of 5 
4 tefame ny gt HSA from 00 Thee line 7 lap 
— Wnto 5,99, which fhews the difference of longitude to be a 
_ 5 £7+ 99 cent, et about halt a minuce ſhort of 6 degrees. 
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6f the Ramb from the Meridian, - 
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berwcen both lacicudes, 
e diſtance apon the Rumh, 


g ” Then extend the compaſſes fram the fine of thecomple- | F 
/ mencof the Rumb unco the ſine of go gr. che ſame extent | 
/ ' willreachin theline of Numbers, fromche Lacicude inlar Þ 


ged, unto'the diſtance required. Or extend chem fromthe 
complement of the Runs co the latitude inlarged, the 
ſhane exrent T- reach from go gy, unto the | 


For example, bon nun ger given-be A, intheliticudeof |} 
in, of 52.gr, 30 w-_ A Mthe difference 
fined Rucb (1 Be fk from 
-— dia Firſt, I cake out AM, the di ict 
 monluce icin A Egncotche par alerorche By Utn 
ito be very wer ; typo bled; 
wo, Thea if 1 fevter yan je cam alam 
lnegog. | hail ns Ge me-cxm ED 1n 


m 490 unto 7,29. Andthis is the di 
EI Nets om yarns ore Leake 4 
20cex7, out of rh: (cale by rhe parallel AE, and 


dewa.upoathe Ron from AunaD, where 
with che parallel of che ſecond laticude. Laſtly, 1 | 


it in the Aferidies line, (erting oc toot of the comp 
much, below the lefler laticudes as, che oth:r above the | 
eacer laricude, and find ic to oe 4g”. FIcent, waichig1he | 
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83 The wes en of fines and tanguns,"+ 


its Groafien _ oagaline care khan lice, 
istot * 

"$ Hens the ang lc oppo och: ſide required, 
-: Ft thi flpraquized. 


hetefore: rexcend'the Compaſſes Gom a#3. 140 ot 

tot $4, ts 16 inthe line of: Newhart) an this exten 

doth reach from My to 336 8 and ſuch is the diſtance 
it 


between A fone” E- reacheth from 43 gr. 20 nato 
a. I ibs li Nop'b ers; and ſuch isthe diſtance from 


on —_— | ny ſer vol colin 
Yb F owntne way © 
ray aiwoDb ho ..s be which Iſhewed before Bn the: 
Merids i may by the ſame reaſon ſet off 'the dir 
ance A B and D B, wh h mecting M1 che point Bal 
© there reſemble theland required.” +. 
4 be diftance betwien two places on thi I 
Wi gyms Fa bear one anche 0a fly baving 
__ of poption at the * to find the 6b 
Renee pain: bt ve HRP oNe 


vor wo difta 


NES one of the x As Sit ours 
ſeek to bring one of —— South or Noh 
then obſerve the avgle 


line triap eg 
find he ho beer 

ficion at the Feng 2 [right 

_ againſt you; and he hangh | 

© complement to2he'angle of 


As the fine of the an TED 


is to the diftanceberween the two places : 
So the Co-fine of the aoghe of polition, 

to the diſtance between the ſhip and the ncerer place. 
A ndſo is the fine of 90 xx, 

to the diſtance from & 


ſhip to the farther plate. 


The wſe of the Iines of Sines and Tangetts, 89 


the places bein r5,cent-0r three leagnes one [rom the 
a & the Naleof poſi ton'2g 4 wh rhe nearer diſtance wiM 
be found about 72 fem Fe the fo diſtance about 31 cexr. 
Or howlover the angle of 'pofition- were dbſerves the 
diſtapce berwen the ſhip and rhe land may be tound genc- 
cally.as.j11 this exaruple: 

A and D were two head lands known to be Eaft 
Northeaſ,and Welk Southwelþ,: o cence.or ewo leaguegoht 
ſromthe other; and chat the (ip beiog at B,I obſcrved'the 

FA ie poſition DBA, an4 found it tO be 14 gr 
and that D did bear 9 gr 30, and A 24 gr-19 fromthe 


pena B, > Jima eXamplc would be like the former, For 
r.30\, from the South to the: \Weſts 


wardahen ten ha ND b 9 gre 30", from-che North ro'thee 


Eaftward- le 9gr- 30 ',out of-the-argle N DE, 
mplcL15p uſe the two hard lands lie Eaſt 
ere wil remain 58 py. for the angle BDE, 

ch WRlan 


x BD A ut of 1+ 6gr. Take theſe two 
angles D A out of 1 8 gr. and there, w:1l. fe= 
- 4} pat 4 Ty rhe + ode” angle B A D. Wheretore here 


alſo are three an ad one fide;by which I may find the 
two 5 hls, 26 | in the od Les CE Ds F 
ce propolitions thus Wrought by the Staft:, arc ſuc 
1 | iN 1gig00 be uſeſy} tqr (gd- Gen ad thoſc that are 
ma apply the ex&mpte.co many others. T hoſe that 
bt -#rc Willing to prachi(:; , may: buſic thenlcives 
this which followeth, 
e foriy ports, L,N,O,P; of which” L is inthe lati-. 
Mer 50 or, N is North frogr Liao or 1000 cfaty * 
OWeſNrom L, 10c0 cene,£andÞP \WVeſttrom N 1000 genr.” 
fothat Lang O will be inthe (ame laricude of 5O gr el 
P both itrthe latitude,of 66 gr. Then let two ſhips deparc. 
from L,the gong to evuch ar O,the other at N, andthen both 
to meet at DeherEto hade,and from. thence to return the 
necreſt wa unto L-Here many. petiont hay be. pr opoled 


© > Wie bche longiuade ot theporeat O trom L ? 


| Er is the pn nak P ni, ? And why O 
at ame 40ngirude ? 
1 We NR from ; Ola? 


4 Vybar 


99 The wſe- of the ines 8 Navigation, 

a Wha N ja the wy rag jp unto Mos of Hg the 
Way more irom L yato ? 
) What is the R 38: $4 li Fw 

6 What isthe diſtance from Punto L ? | 

7 Whartisthe Kumb from N.unto O? 

$ What isthe diſtance from N. unto O? And whyic 
ſhould not be the like Ranmb and diſtance from Nuito. 
. ©, as from P unto L,? 

Theſe queſtions well conſidered, and cither reſolyed by 
the Staff, or pricked. down on the Chart, and co 
withthe globe and the cammoen Sca-charr, ſhall gi 
light roche direQion of a courſe, an reading of 6 oe 
to theirdue longitude,which arc now 
common Sea-charts. 
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Here followes alehe wfual Problemes of fail actor 


ing to Mercator, which are reſolyed: Arithymetica 


able 


The trar we of Mereaters Obavr, d1 
Table of Logarithme Tangents, withourthe Table of Me- 
ridional partt,and way alſo be performed Geometrical! 
by he Tangent line npon the Croſs-ſtafte if it be large. Ty 
Firſt we arc t9 know ri4rthe Logarirhme tangents from 
458- pp eardppanctegte io che ſame maner,thatthe 


ed together do,it we account every half degree 
$14 29 Co Re one while degree Adore dsy iN 


S hos : and ſothe Table of Logarichme tangents, is a 


idrooa[l parrs,to Two miriures of the me- 

"Hcizi) Tine) leaving one the Radfrrs'in every Fine. | 
\.. The raanet of making afe of ir thn (as its ſhall fhore 
plainly apart the Examples of cho fo wing Problems) 
wſe es begin at-45 gr.e0', and that every 3o m. 
is for a whole degree, when one, ve both lacitudes- are 
given ia any queſktiqns, take the 7 of Exch larirude, and add 
4517-005, tocach of chemyand cake the tangent of rhe ſuth 
«bc \s. wal xy of the latitudes given(neglefting 
the Reding eh mn aid ) _ —_ the _ (um ' 

al part#fromche greater, and the remainer divide 
= age 45» 30, the Radius negleged ; the quorticnc 
hall bethe'equal or «phy degre incd between 
the rwo latitudes,or elſe multiply the fdroſaid remainer by 
16, and _ oy he on of = napet rp rangeat of 45 
30, and the q nt rhe equa] or EquinoQia! 
$contained Lerween the two; 1 ney : A 


Ex atoplt, | 


7 Econelatitude be 45 gr. 30',the 3 is 22 gr. 45%,unto which 
add 45 gr.00' the (um is 6 7 2r-45*,the tangent above the 
Radius is 3881 591. ktthe orher latitude be 40 gr-0o', the + 
is 20 gr-00/,unto Which add 45 gr.00\the ſum 1565 gr. 00, 
the tangent above the Radius is 33 13275,” Which ſubera&t- 
ed from the former, the remainder is 56831 : which being 
divided by 75803 the tangent of 45 gr- 30 above the Radi- 
us,the quotient is 7 gy- 497 parts, tac equinoCtioal degrees 
contained betwen thetwo laticudes,or eHe multiply there» 
mainder or difference 568316 by ro,& divide it by 37901, 
they of the taogetu of 45 gr- 30 »abovyethe Radivy, and the 
Nan: quotient 


*%, 


92 .Uhotraeaſe of \Mereoters Chart. 
4s 1492 g4parts: all or (Equino&hial 
—_ contained fer Etweem the rw Larirges, and the like 


Y* any ones: 
PROBL.-3. ef 
rh (« verſe Dans that the Ship hat. FR or ov ſain, bring 
given, to find thi true place or point where the Ship is oh: 
rors Chart. _ 
Dmir a Shi Gail SSEZE r2$ lea from! larjud 
$ g7- 30" * North laticude; that is from & ro BE, : 
ing to the plain Sea-chart,l demand the true placeor point 
thatthe Ship is at,according to Mercator: Ch art, 


verwheupen 
S 


Thetrueafraf MEtoarors Chort. 93 

| Befotechis queſtion can be telolved, we mult rnd what 

larirudethe ſhip is in, which is thus found), 1 
As the Radius is tor the fincot the complement of the 

courſe 594. 04m, Soiis: BA the diftance upon the courſe 

1233; roA'De {of lavitude ip keagues, which. 

+110. This being convertadaadtbdeg, aud min. is 5 4.30 - 

mdb<cauſe the latitude dectcaſerh;or the pole is depreſſed, 
we ſubtraRt itfrom 454. 30 ww. and the remainer 1540 deg. 
vow- the.latitude:the ſhip is ing. that is.ar'E, accordiogts- 
the plain Sca*chart, or at Caccarding to the Mercarer - 
but we can find the point C, we muſt find the.di- 
tance of the. poinc B in the: meridian hne from A: the 
manner how to do it, is ſbewed inthe Example before this 

Problem, and it is there found to be 150 leagues neer. Now 

the point C, the rroe place of rhe ſhip itt ſetoaters Chary 

Chart, may be found rwo ſeveral wayes: * AY 
Firſt, ASD A the true diſtance of laticude 1 10, is ro A E 

the trne diſtance run upon the courſe, ſois B A the dift. of 

lticude enlarged 1509, to A C 1745; the w—_— diſtance, 
which being laid off upon the line of the courfe; gives the 

point C, the crue place of the ſhip in- Metearoys Chart, * 
'Here we may take notice, that the true point of any 

place, according-tothe plain Sea-chart, or according to 

Mercators Chart, is alwayes upon one and the ſame right 

lincof the courſe, ; 

- Secondly, As Radius isto the rangentof the Contſe 50/4; 

56m. fois AB thediftcrence of latitude enlarged 150, to 

BC go the difference of longitade,which being laid oft up+ 

onthe perpendicular B C, givesthe point C, the true place 

of theſhip in Mercators Chart, 
PROBL. 2. 

The courſe that the ſhip bath ſailedon, and both latitndes bring 
haown, to find the true place or point that the ſhip is on in Mcr- 
catOrs (bart, and the true diſt ance that the (hip bath ſailed. 

g Uppoſe a ſhip to ſail SS EE from the latitude of 45 4. 

N 2 until tin in = 7 04; 00 w.that is from 

£3-atcor to the plain Sca-chart, or from AroC 
according to. Merc ator s Chatt, is 

" Ficſt,, 


* The wot ofe of Metcmors Chart, 
Firſt, we _ findrhe' difference of latitude enlatgad, 
as is betore which is A B 1golcagues. 
! rs cotberangentolf the Courſe, 56 
56. ſois- ABnro, 1-B:C ge: BO Hr which tai off upou 
lar BC gives Ctherrueplaccor 


| point, which 
The thip 1s 07) ev Arearen 
ment of the Courſe 59/4. og, is 


2 As the fiac- onn_ 
to the Radius, fo is D'A'rhe troe difference of latiruder Toy 
16 ABrheerne diflanceFawuponabe Courſe; res, ;3 
'' PROBL:;'$. Ny _ 
Both Latitude: given, and the diff ance yun wpon Convſe et 
the point or {Fr that the ws on in Mitcators Chart, 0 
the courſe or point of the Compa(ſe that the ſhip hath falls. on. 
Sith : lip to ſail 128 jean | 
from A inthe latitude of 45 deg. 30.99, 20d 
it be inthe latitade of 4o deg. 20m; . 
ny rr the differcnce of lati de enatgedraro in 
directed, which'is AB 150, ; 
I As D A-r16,thetrue difference of laticude,isto AE _ 
erkes Len wg of er up othe difference of ext 
| e ,ta 174% 
id of upon the line A't from Ato itſhall þ 
point or place that the ſhip is on in Leer goon. 


cad, HahEreh the true diſtance ran, is to; 10, 
ence ol laticude, ſo.is the Radius to == 


RIOT. of the courſe. 59 deg. 5s wy which 
plement 59 deg. yy ſubrraCt out of g0 deg, com; and 
Temainder is 30 deg, 096, the courle, cnldeng os 
tween South and Eaſt, it is SS E4 Eaſterly. 
P ROB L- 4. 
Both latitades, _ the departure or op of the 
you are wpon, the Meridian you your Gk on (7 
find the point gas ws: whrnar ns mad Chart, «- 
ſo the courſe that you have made goed, ard the diſt anet the 
10% have rus frons the place, where you began your towrſe, |, 
T His Problem ischiefly uſeful for the Navigato cot 
he hath caſt up his traycrſe, Admic a ſhip To ſail ups 


| = 


| 


The true we of Mercatars Chart. oF 


the South-caft of the corapalle, from latitude 45 
by. joy ary ok or ty rd 1619 0 
meridian ic 0a; be 655% 1c 
"Fi gr difference itade cnlargedas is efore- 
< a8 90155. 2 
: ASAD [10 thearuc didehence. of [atirude, is ro DE 
departnre from the Ty {o.is-A B 150, the 


A oe C06 agues the dif-- 
.upan the perpendicu- 
| — point or place in Merca- 


| 152 points 4 from- 
= conſe 6 56 er 6 pon 
the Gne of the courſe 304. 56 w, oo RAR, 

EEE EEO EIIINS A 1:$ 


PROBE.'s 


th La | and the differency itadr, to find 
"hr oferte iy bath ben, afere fen_pery Foxtas 


mT or in North latitude $5 + 30 8+ 


Dh lg Vina 
go according to ain and the 
bh plan dncefa Mercators Chart where the ſhip is, 


i [org longitude be B C go lc 
- nd. diſerenc of lacirude enlarged, 2 before 


ry B l ſo =_ difference of latirade enlarged; i isto 
Fc 9®, ſois the Radius to the tangent of the coutſe, 3o 4. 


SY 5 ./ oY anc emma 7 E. 

lemeant of ; courſe 59 deg. 04 w. is 
jy fo ois DA 110 the true diftercace of lati- 
: the true diſtance run 138, 


1d 


PROBL: 
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"PROBE. 6, * ? 


One tekek; with the xs _ the FYA ence of, era hy 
ver; to find thy ocher tatit andthe diffarce 6 rMm... f | 


Uppoſe a ſhip to be in the latirude of 4y'd, $0 mw, North 
latirude, and toſail SSE 7 (une? the difference. of 
longitude be go'leagues) that is from ons which | is 
The point or place of the he hip {6 Bdre 409% Oh 
1 Asthe Radius'igto the ; complemcn "of the 
courle 59 4. 04dv.' {0 is CB the oregirude go, 
s A AS zothe CG bot th latirnde Tee by which bog 
iply 37907 tne oft tangent Of 45 4. 20-m.'abqvye 
the the Radius and divide the ptoduQby-10, and the 
is 5685 15- & bang ro the lacitude's ,the £: 
30. which is 52 d:'q5 65;; tato whith add 45 &: 50G; 
ſum is67 4. 45 m. then ſeek the tangent of 67 d.g5 w 6 the 
the- Radius,” which is 3831 594, aridſubrtaR# 'the os 
quoticar-568525 from-ir, and the femainer. is Ha, 1 
which ſeck in the cangent, and you ſhall-fitid it 
0 w. from which ſubſtra};45 4 po w+the remainer is 
20d. 00 w, which being doubled, is 40 4. 00." the latitude 
required. Here'we are to.note, thatibrhe Ixticad&hud i1i- 
creaſed, we muſt have added ws queries 568515 _ 
tangent of 67 d. 45 w. and ſo, ſoug T the C inthe tan- 
gents; to have fonnd the: Matieide pool required, | 7 HH 
2 As the ſ{incof the'com — e Bates F 
o4 , is tothe Radius, ſois are ie Mzentc of Lathe 
tude 116, to A E the true diſtarice Ne 


| Alchought I have fet dow biir they edpartion Ns 


anſwers ro.each-queſtion, they may 


the Canon, and the gt of | Sore 


Ry ”Y ww 


3 + AQ YI? By h $>-} 4! © eC;” Mit 
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An Appendix concerning 


The deſcription and uſe if ar: Inft;wmint, 144 in form 
of & Crofſc»bow , » for the wore tafie 
ſending of the latitude at Sea. 


f former Prop, ſuppoſe the latiude ro be known, I will 
here ſhew it how it may be calily oblerved-_ 

Upon the center 4, and ſemidiameter AB,deſcribe an ark 
of qcircle'9 B Ni The ſame ftemidiamertcer will fer off 60 gr. 
from Bunto'S for the Southend, and other 60 gr. frem B 
untONfor the North end of the Bow : fo the whole Bow 
will contain 120 ge. the third part of a circle. Let ic there- 

{ oft be'divided imo ſo many degrees,andeach degree ſubs 
divided into fx parts:that each part may be ten minutes 
butler che numbers fer to-it be 5,1 0,25, unto go greandihem 
agfin's5 16, 15, unto 45, that 55 may fall in the my igele,as 
| athis figure, | 


4 | 


The Bow being thus divided and nitmbred,you may ce 
the moneths and dayes of cach moncthupon the back, and 


_ tars as arc tir tor obſervation upon the fide of the 
W. 


| Lyoudclircto make uſe of it in North latitude,you may 
09 numbver 
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number 22 gr. 30',from go towards the end of the Bow at 
N. »nd there place the teh day of Juze, And 23 gr. 30/, 
from yo rowardsS ; and there at 66 gr. 267, place the tenth 
day of D-cember, And fo the reſt of the dayces of the yeer, 
according tothe declination ol the Sun at the ſam2dayes. 
» The ſtars may be placed i lixe manncr according tg 
their decliucations,to the yecr 1670, 


Arfturus 20 77.57 mm, 
The Buls eye WW. 47 
The Lyons heart 13 32 
T he Vultures heart 8 8 
Thelirtle Dog 6 o from 90 toward the 
North end. of the. Bow at N. Then for Southern ſtars,you 
may number their declination from go toward the Hurh 
end of the Bow at S. As firſt the three ſtars in Orvons girdle, 


In Orion, firſt at O gr, 37 Ms 
girdle neo T : 


The Hydra's heart 7 16 

The Virgins ſpike 9g 24 

The great Dog 16 9 

Aquaries leg b7 - 33 

The Whales tail 19 48 

The Scorpions heart 25 37 

Fomahant | 21 16 And (ethe South 
crown, the triangle, the clouds, the crofiers, or wat other 
Stars you think fit for the obſervation, T his I call the 
tcre {ide of the Bow. 


If you defire to mak? uſe of it in South latitude, you may 
curn the Bow, and divide the back fide of it and number it 
in like manner, and then pur on the moneths and dayes ot 
the yeer;placing tie tenthof December, at the South end, 
atid the tenth ot J#»: toward the middjz of the Bow, and 
moon of the dayes according to the Suns declination as 

core. 


The 
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hiefeſt of the Northern Stars may hear be placed 
in See gccoeding ro-their declination, Ann 1670, 


The pole ſtar at 87 gr. 32m, 
The firſt guard 75 34 
The ſecond guard a3 v9 
The great Bears back 63 30 
Fiſt 57 47 


In the great Second 56 49 


Bears tail 

ſhird, $T! 2 
The ſide of Perſeus 438 36 
The Goat 453 37 
The tail of the Swan 44 9 
The hcad of Meduſa 39 4t 


The Harp 38 32 
Caſtor ad - 
Pollux 28 q7 
The North- Crown 27 5© 
The Rams Hcad $1 26 
Ar&urus 20 47 
The Buls eye - -- 
The Lyons heart x3 + $8 


The Vultures heart Ss al 
Orions right ſhoulder 7 19 
Orions lett ſhoulder 6 2 


And ſo any other ſtar, whoſe declination ir known utty 
to you, which being done, The uſe of this Bow may be. 


1 The day of the moneth being knoww, to find the deeli» 
nation of the Sun. 


2 The declination bring given, to find the day 
of the moneth. 


Theſe two Prop.depend on the making ofthe Bow. If the 
day be known, look it out inthe back of che Bow:ſo the de- 
clination will appear in the fide Or it the declinatian be 

own;the day oi the moneth is ſer oyet againſt it, As it the 

0 2 day 
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day of the moneth were the 14 of July, look for this day in 
the back of the Bow,andyor ſhall find 1t oyer _—_ 20 pr, 
of North declination. It the dec}ination given de 10 gy, rg 
the Sourhward, you ſhall finde the day to be either the ele. 
ycuth of Nevewber,or the ckycath of Janwary- 


3 T's find the altitnds of the Sung or Stars. 


Here it is fit to have two runving fights, which may be 
eaſily moved on the back of the Buw. The upyer ſ1ght may 
be (ct either to60 gy.or to 7@ gr. Or tO 86 gy-as you ſhall fing 
ro he moſt convenient : the other ſ1ghrt may be {ct on, to a: 
ny place between the middic and the other ead of the Boy, 
The-n with the one hand hold the center of the Bow to your 
eyc,{o as you may ſee the (un or ſtar by the upright fiehe, 
and wich the other hand moye the lower ſight up or dows 
until yau have brought one of the edges of it, to be even 
With the borizon (as when you obſerve with the Crofies 
ſafe ) (o the degrees contained berween that edge and the 
upper fight, ſhall ſhew the altitude required. | 

hus it the upper fight ſhall be at $0 gr, and the lower 


fight at 5o gr- the altitude required 1s 3@ gr, 


6 To Sud av North latitnde, by the (Meridian altirady of 
the S mu at 4 forward obſer vation, haowing ther | 
hay of the monith,or the declanation 
af the Son, 


As oft as you are to obſcrve in North fatitude; 
place both the tights on the forcelide of the Bow, the up- 
per lightat the Declination of the Sun, or the day of 
the moneth at the North end, and lower ſight toward 
the South end. Then when the Sun cometh to Meridi- 
dian, turn your face to the South, and with the onc 
hand hold the Center of the Bow to your Eyc, 
90 as you may [ce tha Sunne by the vpper bght: 
» 


in finding the latitude, Io! 


with the other hand move the lower fight, until you-have 
brought one of the edges cf it ro be even with the horizon © 
fo that cdge of the lower ſight (hall hew the laticude of the 
place in the fore-{1de of the Bow: 

Thus being ia North latitude upon the ninth of Ofto- 
ber: if 1 ſet the upper ſight to this day) at the tore-fide and 
North end of the Bow, 1 ſhall find it to fall ro the South=- 
ward of go upon 80 gr- agd theretore at 10 gr- of South de- 
dination. Then the Suncoming to the meridian, I may let 
the center of rhe Bow to mine eye, as it I went to find the 
alticude of the Sun, holding the North cad of the Bow up- 
ward, with the upper fight between mine eye and the Sun, 
and moving the lower {1ghc, until ic come to b* even with 
the horizon. It here the lower fight ſhall tay ac 50 gr. 1 
may well ſay, that the latitude is 9ogr- For the meridian 
a/titude of the Sun is 30 gy. by the third Prop, and the Sun 
baviag 10 gy. of South declination, the meridian alcitude of 
the Equator would be 4 gr. ad theretore the oblervation 
was made in 50 gr- of North Jatitude. 

By the (ame reaſon; if the lower fide had ſtayed at 51 gr. 
gow. the latitude mult have been 5 1 gr- 36 ww. and ([o in the 


's To find any North (atitnde, by the meridian alticuds 
of the ffars tothe Sourhward. 


Letthe upper ſight be (ct ro the (tar, which yo! intend 
toodſerve, here placed in the fore {1d- of the Buw. I hen 
hold the North'cad of the Bow upward, and wrning your 
laceto the South, obſerve the meridia alticinle as before x 
lo the lower fight ſhell cw the latitude of the place iu the 
tore-fide of the Bow. 

Thus it in obſerving the meridian altitude of the preat 

ſtar, the lower fight ſhall ſtay at 50 gr. it would thew 
the latitade co be 5 gr. For this (tar being here placed ar 
71£7-43 w, if we take thence ro gy, his meridian altitude 
would be 23 gr. 48 w. to this if we add 10 gr. 12 w». tor the 
South declination of this ſtar, it would ſhew the meridian 
aticude of rhe Equator to be 40 gry and theretore the lati= 
wWde to be 50 gre 
6 To 
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6 To pnd any North latitude, by the meria'41 altitude 
of the ſtars tothe Northward, 


If the Bow be intended onely for North latitude it may 
{uffice to have the degrees divided onely on the fore-{ide, 
and then the ſtars to the Northward may be placed either 
on the back{ide or the infide of the Bow by theſe degrees: 
the Pole-ſtar ar 87 gre 20m, neer the 20 day of September, 
the tormolt gr1ard at 75 gr. 45 #9. the hindmoſt guardat 
72 gr. 25 m. aud the reſt according to their declinations be- 
tore mentioned, (o the, go degree ſhall repreſent rhe Notth 
pole of che world, ; H. 

W hen any of cheſe ſtars come to be in the meridian,and 
under the pole, ſer che upper ſight to that ſtar, hold the 
North end of the Bow upward, and turning your faceto 
the North, obſerve his altitude as before ; 1o the degrees 
contained between the go degrees and che Jower ſight, thall 
ſhew the altitude of the pole. | 

Thus the former guard coming to be in the meridian, 
un.jcr the pole, if you obſerve and find the lower ſight to 
ſtay at 40 gr. tneckryation of the pole is 50 gr. according 
ro the diſtance between 40 and 9o. 

It you would obſerve any of theſe ſtars, at ſuch time as 
they come to be in the meridian and above the pole, you 
may place theſe ſtars in the Bow above go gr. the North 
{tar at 2 gr- 40 mw. necr the tourth day of Seprember, the fors 
molt guard at 14 gr- 15 »+. the hyadmoſt guard at 16 yr, 
25 m. and (ſuch others as yourhink ficreſt, according to 
their diltanc* from the p2le : then ſetting the upper light 
to the place of the (tar above the pole, the reſt of the obſer 
vatio:) will be the ſameas before, 

But 1t the Bow be made to (crve at large, both in South 
and North latitude, then theſe Northern (tars would be let 
placed on the back fide ot the Bow, by the degrees oa that 
ide, according to the complement of their declinations, 
th.t the Noi th ſtars may ail wer tothe North >un inSouth 
latitude, 12 luch tott as the Souther: (tars did to the South 

SU1 
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Fun in North latitude in the former Prop, This being done, 
let the upper {fight be ſctro the (tar which you intend to 
obſerve, here placed on the backtide of the Bow, I hen 
hold the North end of th? Bow upward,and turning your 
tacetothy North, obſerve the alticude of the {tar wnen he 
cometh to be in the meridian, and under the pole: (o che 
lower (light ſhall ſhzw the alcicude of the pole in the bac 
(ide of the Bow. 

Thus the former guard coming to be in the meridian 
under the pole, it you obſerve and find the lower f1ght to 
hy at 90 gr. ſuch is che elevation of the pole, and the lati- 
tude of the place rothe Northward. For the diſtance be- 
rween the two ſights will ſhzw the alticude robs 35 gr- 45 
m, and the ſtar is 14 97, 15 m. diſtant trom the North pole. 
Theſe two do make up 50 gr.for the elevation of the North 
poic, and cheretore ſuch is the North latitude, 


7 To find avy South la itn de, by the meridian altitude of the 
Sns at a f.rward obſervation, knowing euher the 
day of the monath, oy the decit+ 
nation of the Sun. 


When you are come into South latitudes, turn borh your 
fights to the back (ide of the Bow : theapper ſight cothe 
declination of the Sun, or the day of the moacth at tbe 
Sourh end, and the lower f(ight toward the North end of 
the Bow. Thea the Sun coming to the meridian curn'y war 
lacerothe North, and holding the South end of th: Bow 
upward, obſerve the meridian alticade as betore + (© the 
lower ſight ſhall ſhew the latitude ot the place in the back 
lide of the Bow, 

Thus being in South latitude. upon the tenth of 24y, it 
yon obſeryeand find the lower ſight 0 (tay at 3o gy. 0n the 
back{de ofthe Bow, ſuch is the Jatitude. For the dcclina- 
uonis 20 gr, Northward, the alticude of the Sun b2uwcen 
the two ſights 40 gr. the altitude of the Equator 60 gr. and 
therefore the laticude 30 gr, 


8 To 
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$ To pnd any Seuth latitude, by the meridian altitude 
of the lar 540 the Narthward, 


Let the upper ſight be ſet tothe ſtar which you intend 
to obſerve, irowlabed on the back ſide of the Bow, Then 
hold the South end of the Bow upward, and turning your 
face to the North, obſerve the meridian altitude as betore 
ſo the lower fight ſhall fhew the latitude of the placeinthe 
back fide of, the Bows 21 Av Ve 
, Thus being in South latitude, and the forraer 

coming ta be inthe meridian over the pole. W youoh. 
ſerve, and find the lower fight co ſtay at 5 gy. ſuckisthe 
latitude. For the ſtar is 14gr.-15 w. from the North pole, 
the alticuge of the ſtar between the rwo fights 9 yr. 15, w, 
the North pole depreficed 5 gr. audcherefore the latitude 
5 £r- to the Southward. 


8 Toobſerve the altitude of the San by the Bry, 


or with an "A 


Hete it is fit to have a third fight (Ifke'to the Boriznntal 
fight bclengihng to the ftafte) which may beſet to rhe 
ccarer of the Bow. \ : 

Tt che Sun þe neer to the Zenith, hold the Boyy as when 
you obſerve with the «Afrelade, ſo 25 the center bel! 
downward the line A B may be vertical, atid the line 
parall-1 to the horizon, then turning one end of the Bow 
toward the Sun, you may move one of the fghts onthe 
back of the'Bow, until the ſhadow thereof tall pn the mud- 
d1- of the horizontal fight, fo the degrees conainedbe» 
tween the yertical A B, and that upper tight, ſhall ſkew the 
diſtance of the Sun from the Zenith. 

{t the Sun be neerer to the hotizon- yon mar” hold the 
Bow {o: as the-line $ N- may be verttcal, and che line AB 
patalicl rothehpiizon, then obſcrviug as betore, the dz 
grccs contatnedhetween the line A By and the 15957 fight, 
ka... Dew wc altitude ok the $un aboye ti buritun, 

16 I! 
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xo To find 4 South latitude by the meridian altitude 
of the ſtars. to the Sonthward. 


Let theupper ſight be {et to the ſtar which you intend to 
obſerve, which might be -here placed on the foot (ide ob 
the Bow by the complement of their declinations, it we 
knew the true place of ſuch as are neer to the Sonth 


Pen hold the ſouth end of the Bow upward, and turn- 
ing your face to the; South» qbſerye thealtitude when he 
cometh to be in the meridian, and under the pole, ſo the 
lower ſight ſhall ſhew the alcitude of the pole in the fore 


t 1 Touferce-the Altitude of the Sur " 


Set the upper ſight cither to 60,0r 70,0r 8o gr,as you ſhall 
finde it to be moſt convenient, the lower light on avy (nn 
detweenthe mine and rhe oo ov of the Bow,and have 
an horizontal ſight ro'be ſer ro'the centet; "Then may 
you turn your back tothe Sun, and the back of the Bow 
_ toward your ſelt, looking by the lower ſight through the 

horizontal ſight,ard moving the lower ſight up and down 
untill the upper fight do caſt a ſhadow uvponthe middle of 
| the horizontal ſight: ſo the degree, contained between the 
two ſights onthe Bow, ſhall give the altirude required. 

Thus it the upper fight ſhall be at, $0'gr.- and, the lower 
ſight at 50 gr- the akicude xequircd is.3o gr- asinthe third 


LP . ail) 1 WK." 10 Wb 
tit you turn the other. end end of the bow upward aud 


\ {etrhe _ ſight to the beginning of the quadrant, and 
yay eryc as before, the lowers ſight will ſhew the alti- 
e. "_- wt . 4 


EY 1s 12. To 
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12 To fd ap hl Speke hidie al titad 


of the Sun at aback, obſervation, knowing either 
', "tbe duytefrÞe- thou b; rhe daclinas"' 


of tha SW. 


FEDW. 


Place your Joop fi is jafors on the fore fide of Bs 
Bow : th6 ubperffight £6 che declination of the” Sim,” gr tg 
chit 4ay' of the tact, at che North end; the lower: t tg 
ward the'Sourtvend of the Bow; and the horj fight 

co the'ctiter,” Then (the) Sun "coming to t robin 
turn your faceto the North, and holding the North & 
of the Bow upward, the South end downward, with the 
back of ic wwparoypunfalfgbſerverhe ſhadow of the up- 
per ſight as in the former pagrot.che fitrh Propoſition, [0 the 
lower ſight ſhall ſhew the w—_ of the hee? in the fore- 


ws gf the Bow... 


Sing ia wit i aint Qftes 
bi Rf and i ui ens fs 
d& of os Hy 7 che rice Tor =: 


Ichi barbnls'v r. SouthWard and che alricude of.c 
heme t b: ch betas ts = alcicuge of Hi RG 
29 g#, and therefore, the. latitude. 5p £ Sj 


Prop. 


13 .T6 Suda Paid dlkends dyeke wer idian altitnh of 
the Sun at a back obſervation knowing either the - © 
day of the moneth, or the Geliqwine 
Hequ Ve Q9 7 2 z0 of the Sin" 4 (03's! ER 
; TD RECs gG 943 1 91:33H 4 
Wheb you! obſerve in f Sourh fatirnds, alice ur three 
lights on the back ſide of che Bow : the upper {ight tothe 
dccliuation of the Sun, *or the day ot the moneth ar the 


Ihe of 4h» \Rulp. to 


South end ;the lower ſight roward the North end of the 
Bow, and the horizantal ſight.to.the',cearer; Then the 
Sun coming: to the meridian ,, turiiyour face ro the 
South, and holdingithe South end of the Bow upward, 
with the back of ittoward your (cli, ob{erve the ſhadow of 
the upper ſight as before : ſo the lower fight ſhall 
ou the latitude of the place ia the back (ide of the 
W, = 
Thus being in the South latitude upon rhe tenth of May, 
if you obſcrveand:find the-lower fight-ro ſtay at 30 gr. 
onthe back of .the Bow, ſuch-1s the alcicude. of the Sun 
berwcen the two ſights 40 gr- the altirude of the equator 
60yr. ahd therefore the latitude 30 gr, as in the ſcycnth 
Is. fs - | 


14 7's fed the day of the woyerh ; by Khrwing ' 4 
the latitats of (hr pier,” and bſerving 
the * weridias altitnde of ' © 


' i 
Fe Z . FP , i 
do4 +4414 1D CIhas Los 


Mikey 0 ji 9% 2! S012 301 _ wilth 
Place your three fights acording to your Igpieude; the 
othe lati- 


res, 


en When the 


. 


per light untilir give fiadow ypoat the mitdlerof, the hori- 
nzonaHfight fo cheupper faght ſhall ſhew the day Kan 
Thus in our latitude if you ſerthe lower loght. tO-51 gr 
30m. and obſerving. had the alritude .of the Sun between 
thatand'thewpper ſight tobe 24®gy.;700, this- upyer; light 
willfallaupon the: ninth. of Oftober, am the eweltth ot Fe- 
bruarie, And if yet you doubt which of them two..1s.the 
day, you may expeCt another meridian alticude ; and then 
it you find the upper fight upon the tenth of Ofeber,and the 
eleventh of Febrwary,chc queſtion will be ſoon reſolved. 
P 3 Is To 


15 To find the declination of auy nulyown ſtar and ſo to- 
place it on the BQWw,\kwowing the latit uae of 
' the place, ud obſerving the Mer + 
ridian altitude of 1he ft ar. 

When you find a ſtar in the Meridian that is fit for oh- 
ſeFration- Set the center of the Bow to. your eye, the lower 
ſighr co the latixnde,8& move the upper {1ghtup or down/un. 
tl you ſce the horizon bythe lower fight; and the ftarre by 
the upper fight; then will the upper: ſighe-{tay at the deeli- 
nation and place of the ſtarre. | | 

Thus being N20 gre of North latitude, it you obſerve & 
find the-meridian altirude of the head of the Coſjer. to; he 
14 gr.50w.The upper 6ght willſtay at 34 gr. 50m. & there 
may youplace this ſtarre- For by this oblexvation the gi- 
ſtance of this. ſtare, from the South pole ſhould be 349r. 
50m. and the declination from the equator. 55 gr. 10w, 
And ſo for the reſt: "ICP 

The ſtarres which I mentioned before, do come to the: 
mcridjan jnthis order. after the firſt point of eAries. 


yo7 
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- Set the Gghrtothe day-of the manethratithe:fore fide ad 
fouth cnd of the Bow: thent when the ſun egmerhr © the me- 
Tidfan turningthenorthend in your left-hadd: rrp rn 
fourh, ſoas the fight arthe cemer may ſhadow 'rhe! fight ar 
the day, obſerve where the thread fallech , and abate 20gr. 
if it fall on 50 gy- the latitude is'50 gr-. If on 91 gr-30m- in 
the latitudeis5 1 He 30'm, And\ointhereſt.: |. .: 

If the Bow had'been made only for finding the latitude 


on land I might then: hayeſct ſuch numbers toc as needed 
noallowabce, | IE ſ mnt 


+39: To 


The uſe of the Bow. 109 


19 To find any South latitude on land, by obſer vation 
FE withthread and plammer. 


Set the ſight to the day of the moneth, at the back ſide 
and North end of the Bow, and when the Sun cometh to 
the Meridian, tnrning the South end ro your left — 
ward the North. obſerve as beforc, and abate 20 degre 

Or you may ſevthe fight to the day of the moneth, at 
the tore ſide, and North-end of. the Bow, and ſoobſcrving 
45 before; the thread will fall on the complement cf tht 
latitude, 


The right aſcenſion of chele Starsisto the year 1670. 


H.M. ; H. M.. 
The pole ſtar at © .31| The Lions heart 9 50 
The rams head : 48} T he great bears back 10 43 


The head of Meduſa 2 47 ; Firſt in gr. bears tail 12 39 


The fide of Perkus 3 co} The Virgins ſpike i3 97 
The Buls'eye 4 17 ; Second in gr. bears tail 13 11 
The Goat 4 52 | Third in gg, brarstail 13 36 
Orions left ſhoulder 5 o7 | ArQuurus 14 O2 
OrionsSehe firſt 5 151; The formoſt guard 14 53 
'caiedile the ſecond 5 19| The North crown I5 21 
S70*Lthe third ; 5 24 | The hindmoſt guard 15 29 
Orions right ſMqulder 5 35 {Scorpions heart. © 16 10 
The great dog - - —- - 6 31 The Harp 18 25 
Caſtor *'. {+ © 9.33] Vulcurs hearc 19 35 
Thelittle dog. 7. 22 | SWansStail 20 31 
Pollux 7.-25 2% Tos 23 38: 
9:11} 


The Hydr#'s heate - 


TAmee 1676 [Re Aſcen. | Declin. a» 
| 33 87 35] 2 
Pole Star = ſo 1's 
294 58 bs, 28] 4 
| | ' 
Little Bear of ” thy 4 | 
| | 19s: 34þ.24- 
Firſt guard 223 3717 34 2 
% 'Second guard [23t 48 |73- [2 
Soom "7 oo 48 ' 6x 26] -4Ff") 
og Tbs od | 64 17 | of! 
ay 124 45168 - 16] 4 
Forchead 3 127 10167 47] 4 
Ear t3t 45|71 O2] 5 
| 32 10|63 37] 4 
Neck 3 142 $50|62 O02] 4 
Breſt 144 30161 1n2| 4 
Knee 141 10]/59 49 4 
, ras 20129... 2277 2 
Right foot [rs por bt en 1 
27 40148 26| 3 
r6@ 43163 31} 2 
In the ſquareQ},go - 08] 58 . 09 | 2 
173 $4155 35y 2 
| 199 $0|[58 53] 2 
go 00157 49] 2| 
197 50156 41] 21- 
In the rail [203 42|5t 31.2 
===2=>> ===] == | 
Ln MAE le ae El 
3 
3 
3 
4 
4 
3 


Ca Caſſres. "IE R. Aſcen, | Declin, | M4 
3 4 
Left ſhoulder | 373 > 45 - 36] 1 
Hircus þ: 
Right ſhould. } 53 48144 55] 4 
—_— —— Ip | 
C 21 6 
Right ſhould. | 316 od FILTHY 
Left ſhoulder | 340 161]|654- 33] 4 | 
Head 329 4x|5% 23 4 | 
Right foot 304 $1|[76 $2 4 | 
Letc foot [352 4t]75_32| 3 
Draco | nk S 
ongue 154 31154 $5|+4 
PR 261 555 3014 
Head 260 3415 34} 4 
= _ One ED N” 2a ; 
e of the firlt 
winding : 276. ql 4913 
- = oof | | | 
e ſecon 
windin 288 RT. 6 | 
[ache fi : 
395 14]7%* 34 a 
in the ſe- | 
Land A. 5 [26s 58173 23] #4 
In \ the chird 
Wi 3347 20|[6 © 
After t FTIR 
iy. wind- | 209 T 32) 2 
Laſt in the taili 67 9!'7! 1013; 


Theend of the ſecond Book. 


of the Crols-ftaft, 
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[THE- THIRD BOOK, 
Of the uſe of the Lines of Numbers, 


Sines and Tangents, for the drawing of 
Hour-lines on all ſorts of lanes, 


Here are ten ſeveral ſorts of Planes, which be 
their denomination from thoſe great circles to 
which they are parallels, and may ſufficiently for 
our uſe be. repreſented in this one fundamental ' 
Diagram, and be known by their horizontal and perpendicu- 
kr lines, of ſuch as know the latitude of the place, and the 
drcles of the ſphere. 
1 Anhorizonral plane parallel ro the horizon, here repre- 
ented by the outward circle & SW N. 
] 44 vertical plane parallel to the prime _ vertical circle, 
. which paſſerh chrough the znith, and the points of Eaſt and 
Vettin the _ 5 and is ri ighttothe horizon and the me- 
ridian ; thats, makerh right angles with chem both. Thisi is 
oy pl __ 
parallel the circle of hens of s, 
pane gh the pole, and cog of Eaſt and 
wr rig 


he to Ee inottial meridian, but 
=—__ tothe horizon with a mo _ ro the latitude. 
repreſented by E 


FO code Le el to the EquinoQial, which 
the ph rralle and Volt, being tighres 

the Meridian, bur lnfliping'o ro the Horizen, with ananglc 
lement of the laticude.. This is here repre- 


inclining to the Horizon, parallel -to 
"4 paſloth- thr tir Non che, points of Eaſt 
| A , deingey td the meridian, but inclining co the 


not paſſing-chrough jibe nar parallel 
wihe Wn and yer. oot This is here repr eicher by £1, 
 WLErK, or EL W. 


: 4 A meridian plane parallel 2 the circle of | 
” Aaa the 


a 


The ditin&ion of Planes. 
Lyety en Pan 


£634 0320p N'!:a5; rifle ied, 3 A 
the hour of 13, which paſſerh through cho Zenich, they 
and thepoj Poo equi oppor Fs: 

ime vertical. This is here cated by SF. 
idi inclining to the horizon, paralier 
ht thei poſits ob 


roany great cir, | = 
;oht co the Bati- 

: & ropreſenredly : 
T 


 madilydrawn1n th 


ww 77 O= four 5Yy * 


4 Deftripeton of the fundamental Diagram. ; 


py | declining plancy parallel ro any great Circle 
A wo Av, through the Pole, being righttothe Equi 
: anchaing 


& tothe meridian, I his 4s here repreſontcd 


wat S ening inclining plane, parallelto uy great Cir- 
Mad eh is right to none of the farmer circles, but declini 
from the prime vertical, abd inclining doth tothe horizon 
andth&iucridian, andallthe hour-circles. - This may here be 
centeſented either by'B 47 D, or BF D, or B K D, or any ſuch 
Circle, which paſſcth neither the South and 
nor Eaſt and Weſt points, northrough the Zenith, nor 
the Pole | 
theſe planes (except the horizontal) harh two faces 
6 hour-lincs may bedrawn, andſothercare nincecen 
1aQ plane hath oneface to che Eaſt, 
i havcone. 


= 
i - 


theZrnigh, and another tothe Nadir : but what is ſaid of the 
« 'be underſtood of, the other, 
wy CY | To deſcribi the fundamental Diagr — 
+ Thedeſcription of this Diayram isſer down atlarge inthe 
_ teaf $«Hor, ©hap.g.bur torthis it may buſice;if 
haverhe vertical cirdke, che hour-circles, the equacor, and 


if 
thetropiques firſt drawn init, other circles may he ſepplyed 
as we ſhall have uſe of rhery, And thoſe may be 
I eg nk the has Ha 

: aurward cir emting t 120N rawn 
auddivided kno fourioqua) pate with SN the meridian and 


£m the vertical, and cach fourth partintogo yr, That done, 


aruler to the point $, and each degree tfrthe quadrant 
EN and note theinterſctions where the Ruler crofleth the 
Tenical, ſo ſhall che ſernidiamerer E'C be divided into other 
90yr-iand from thence the ocher 'femidiameters may be di- 
didedanthe famefort. Theſe may be numbered with 10, 26, 
"go, 8cc- frat E.comard [, ard for variety with To, 20. 36, 


kr. fromCroward #, Bur for the meridian, the South part 


maaldbe beſt numbered :accordingto the declination from 


Aaa 2 the 


47s 


| Yoftudithe hidlination of «Plane. 7 
c it crofſcth the Meridian, fo ſhall yon havethe North 
l Fhe half way berween theſe two interſections, 
nl, —prprt es the: int Sana and. pag 
dra mnon the center a, and ſemidjameter a L, ſhall ent 
» and here croſſe the Horizon before 4 in the 
Li} Fg and after 8 inthe evening, about 40 gr. gorthward 
Fic! $- rom End Wgccordin tothefifing and ſetting of the Sun 
| ce into B, 

oy has ick of Wis 23 gr. 20, below the equator, and 
f, bs trop diſtant from the North orth pole, ſo that in this Jlati- 
Þ4 4 el Loy bo trry part of the Meridian at 75 gr- trom 
bach,aod yrs North par of the meridian at 62 gr. below 
1 te ore 7 5 gr, from C toward W, and 
l [8 rick! nidewn nh meridian from C untgT, fo haye you 
h incerſeRion, then lay the Ruler tothe point E, and 
quadrant NE numbered fram N roward E, and 
| fb it crofſcth- the meridian, ſoſhall you have the 
th interſeQtion. The halt way- between. theſe two inter- 
vs ſhall be the center whereon you may deſcribe the tro- 
kot vw, armory tropick will. croffe the horizon after $ in 
themo rom £4 nd before 4 in the evening, about 4ogr. ſourh- 
and W, according to the .rifing and Taring of 

mo entrance into yy. 


"B 4 ' To find the inclinationaf any Plane. 
F [Forth Ringing of theſe Planes, we may find whe- 


| or vertical, or inclining ro the Ho- 
© Sn much = hex incline, cither by the uſual incli- 
| t, Or by fitting athread d plummer unto 


BS this Sector be opened a bs le, the lines of 
Fines to-.aiy angle of go gr. inward des of th t the Seftor to 90 
#. and let - ms - plummer be hanged upon a line pa- 


rallelto of one "of the legs,” ſo char leg ſhall be ver- 
tical, and —_—Y leg parallel:to qo har 


ri the plane ſeem to be vertical {like the wall of an up* 
fa) you may try it by holding/the Sector, fo that 
thethtead may tall upon his phammer-line, For then if os 
vertica 


oy 'To foul! the inclinition of a Plant, 
vercical edpe of the ScRor ſhall lye' Cloſe ro the 


you draw a line TE, of the Softor, ic hall: bea view. 
tical line. eo ny | 4 I NOT "Ugthixs 


iſh «| 


il 
| 
WJ 


Wil 


I 
nl 
| 


f thePtanc feem to be level withthe. Hori, 

w- ir 14 _— the horizonral leg of the SeQtor 
g/the other cars, ge for chen if 

ret * on o his plummet un which way ſoever, you un 
the Seftor, it is an horizontal Þ 

If che one cndof the Plane _ her thanthe-other,1 o 
yet not vertical, itis an inclining! and you m_ 
the inclination 1n this manner, 

Fitſt -hold-the vertical leg of the _y right. and 
the horizontal lexabournamli it lyccloſc wi F Fob] 


Plane is erett , and therefore {aid tobe vertical}. per 


*o ws ar io oe. moth i» 2 


4 


Na IS. SN as 
4 3 KS / 2 


Ta.flud tha deciiaation. of 4 Nox. 7 

ory ironic pom rape >> 4 ig 
chat horizo an hog zo 

; wb : the Plane CD ED and that BD were thus 

to he the horiconral linenpon the Plane, then'may you 

oc l; the horizontal line: at right. abgles with a per ndicu- 

%r CF: that dane, if you fer one of che 1egs'of the Seftor up- 

lathe perpendicular line CF, and make the other leg with a 

4 and plummet to become. vertical, you ſhall have the 

becween the vertical line-and ge re an the 

-as before in the uſc of the Seftar, pp Mge62- .andche com- 

er ent of this angle is the inclination” of the Plane tothe 


To find the declination of a Plane, 


xlination of 2 Planes alwaves, reckoned: in the Ho- 
2theiline of Eaſband V'Veſt, and che horizontal 

L " 1 tho As inthe funda mcoral Diagram, the 
vertical line line (which-is the liveof Eaſt an weſt) i$ 
A leet the Plane propoſed ſhall be 


i the ungle of declination is CB: (1103 
Plane: may decline dinibrs.waycs,. that we 


k = 
- * 
WY ry WV 


_—oÞ7 1s thehotizattal line ; the 
a ry 4x mas borizomalat ri 

| hs th the ho- 
| OILY tis perpeadilt, ang the 1tſelf ar 


-- Theperper cular liv doth helpeo find theincliaarion of 
85 before — rm findt 


the 


plane. 3» ' 
y Vertical p we pane | , Dia- 
= ome EE We 
line of Eaſt pn Weftand thereforenodeclina- 


oraoronfigh Þ CibheGaewhhihe 
| - wy — CC IPERNG: 
| plain therchore noinclination. The axis of the 
TS wich the mexidian line, drawn from 


telaut.to the North , and accotdingly gives ogemomb. 


[ ky che becrer IT wecotifider theed: lines be- 


bt To find che dedination of a Plant... 


axis two. poles, Sand N; the pole Sfalling direRly iarg 
South, doth caſe that face to which it is gext; tobe 
the South face; and the 'orber pole at N, pointing intorhe 
North, dotty give the:denominatton to the othet face, and 
make itto becalledithe North face of this plane. | | 
Inlike manner in thedeclining .inclining plane i 
damental Diagratn,repreſented by B F D, the horizontal line 
is B CD, which crofleth the prime vertical line E CW, ang 
therefore it o calbon eclining place according tothe angle 
of declination E CB or -W CD. The perpendicular to 
horizontal line is, CF, where the point F falleth inthe 


H perpeadicnlar to the plane propoſed, between the xe 
os an he North part of the horizon, and therefore itis 
g tothe 


called a plane __ rothe 'Northward; accord 
ark EQ; or theangle/CQ- Theaxisof the planes ti 
preſentgd by: the line 'C'K; where the pole K 1s '90 gr 
from the plane, and fo is as much above the horizon at 
the other pole as mach'below- the horizon ar Q as thepla 
atFisdiftant from the zenith and this pole K here 
berween, the: meridian and obe prime” vertical circle 
Southweſt part:of the world; this upper* face of the'platigs 
therefore talled che Sourhiweſt tace; and the lower the North: 
en | þ<" #171490 ; 3] 
The mon from the prime vertical.may befoundby 
the needle-; the” aſus] inblinamary quadrant, or rather 
com horizontal line drawn upon the pla 
azimuth of theSub andthe meridian s' be». 
fore, we. found the variation. of the 
take any boord thatharh ene ſide 
laſt Diagram the/line HO 
Z M ict; unro it;! 
cant Py [hold the 


upon 


ing y 


nation'tothe plane. Forthe plane having two face, anitihs | 


athe fin. 


=7> GFFFROESY -»=© 


a as a _ co aa ew aw tne as 


To find the declination of a Plane, g 
' which the azimuth of the Sun makes with the plane 
MY rizon, and let another take the alticude of the Sun at 
the ſame inftant: ſo by reſolving a triangle, as I ſhewed be- 
fore, you may find what azimuth the Sun way in when 
begave ſhadow upon A Z. 
poſe the Azimuth to be 72. gr. 52+ », from the 

Notth-te the Weſtwarq, and therefore 17 gr. 8 mw. from 
the Weſt, we may allow theſe 17 gr. 8 », from A unto V, 
and draw the line ZV, and ſo we have the true Weſt point 
of the prime vertical line : then allowing go er. from V unto 
$ we fave the South point of the meridian line Z S, and the 
angle HZ V ſhall give the declination of the plane from the 
vertical, and the angle O Z'S the declination of the plane 
fromthe meridian. | 

Or we may take out onely the angle A ZH, which'the 
line of ſhadow makes with the horizontal line of the plane, 
compare it with the angle A Z V, which the line of ſha- 
makes with the prime vertical. And ſo here if AZV 
teSuns Azimuth ſhall be 17 gr- 8 mv. paſt the Weſt, and yet 
tieline of ſhadow AZ. 7 gr. x 2 ww, ſhort of the plane, the de- 
clination of the plane ſhall be 24 gr- 20 mv. as may appear by 
theſite of the plane and the circles. | 

Ifthe altirude of the Sun be taken at ſuch time as the ſha- 
dow of the thread falleth on BD or HO, and then a trian- 
gercſolved, the declination of the plane will be ſuch, as the 
azimuth of the Sun from'the prime vertical. 

It arſuch a time as the ſhadow falleth on MZ, the decli- 
oop= wil be ſuch as the azimuth of the Sun from the me- 


If itbe a fair Summers day. you may firſt find what alti- 
tude the Sun will have when he cometh tothe due Eaſt or 
Welt, andthen expe@ until he come to that altitude, ſo the 
declination of the plane ſhall be ſuch as the angle contained 
between the line H O and the line of the ſhadow. 


Having diſtinguiſhed the Planes, the next care will be 
I 


ng of the ſtyle, and the drawing of the hour- 


Theſtyle will be as the axis of the world, ſometimacs pa- 
I Bbb rallel 


10 T he Deſcription of the Hawr-lines. 


rallel tothe Planc, ſometimes perpendicular, ſometiqes ap F 


the Plane with oblique 


The hour-lines will be eicher' parallel one to the oches, | 
5 Or meer With Un» »* 


or mect in a center with equal a 

equal angles. If the ſtyle be perpendicular to the plane, the 
angles at the center will-be le gem ; and this fals out onely 
inthe South and North face of the equinoQtial plane : if the 
ſtyle be parallel rothe plane, the hour-lines will bealſo gy. 
rallel one to another ; andthis fals our. in all youre planes 
as in the Eaft and Weſt meridian moons parallel to thecircy 
of the hourof 12, in the upper and lower direCt polary, y,. 
rallel to the circles of the hour of 6, and in the upper ang 
lower declining polars, which arc parallel to any of the other 
hour-circles. 

But in the horizontal and all other planes, the ſtyle will 
cut the plane with an acute angle, the hour-lines wil 
_ at the root of the ſtyle, and there make unequal 

cs. 


CHAD. 1, 
To draw the Honr-lines in an equino&al plane. 


ANe uinoQial planc is that which is parallel to the quay 
Rial circle here repreſented by E A V,, whercin Delos 
between the hour-circles being equal, there is no need of fur- 
ther preceprt, bur onely to draw acircle, and to divide it iato 
24 equal parts from the 24 hours, and ſubdivide cachhout 
into halyesand quarters, and then toſet up the ſtyle 
dicular to the plane in the center of the circle. 
which theſe lines of proportion do here afford us, is onely in 
the giviſion of the circle, which may be done readily by that 
which I ſhewed before in the firſt Book of the Sector. _ 
For example, ſuppoſe the ſemidiameter of the equinoRial 
circle to be {1x inches, and that it were required to knownhe 
diſtance of the hour-points each from other : here each hour 
being 15 gr. diſtant from othes, I extend the Compaſiesron 
w : 


y 
fr 
* 
di 
= 
fo 


| The Deſeription of che Hour-liner; rr 
T a Gre of 10 gr- Unto the fine of 7 gr. 30 ww. the half of 15 gr. 
. lay he ſante! extent 6 reach in the line of numbers 
© from 6,00 Unto I» 56+ 


@ 
| | $ 
if 


Or in crofle work I extend them from the fine of Jo gr; 
unto6, oo in the line of numbers, the ſame extent will reach 
from the {int of 7 gy, 30 v9, wato 1, 56 in the line of numbers; 
which ſhews that ina circle of ſix inches ſemidiameter, the 
diſtance of the hour-points cach from other will be abour 
rinchand 56 cemeſmes or parts of 100+ The like reaſon holds 
for the inſcribing of all other chords inthe Prop, following. 


Bbb 2 CHAP, 


— 
d#/ 


= <2 


WWF. F- 


Thi Deſeriptlen of the hour-lines 
+ | + CHAP. II, 
To draw the bour-lines in a diret? polar Plane, 


EF 


LL 


Dire& polar plane is that which is parallelt» 
Ate dag 6, here repreſcated by EP W, 
whercin the ſtyle will be parallel to the plane, and 
the hour-lines parallel one to the other ; and there. 
fore may be beſt drawn by that which 1 haye 
ſhewed inthe uſe of the Seftor. 'They may beal- 
| ſodrawn by the help of theſe lines of proportion, 
in this manner. | 

Firſt, draw a right line W E for the horizon 
and the equator, and croſle it atthe point C, abou 
the middle of the Jine with CB another right 
line, which may ſerve for the meridian and the 
hour of 12, muſt alſo be the ſubſtylar line 
wherein the ſtyle ſhall ſtand. Then, to 
the ſtyle unto the plane, conſider the length of the 
horizontal line, and what hour-lines you would 
have to fall on your plane. 

For the diſtance of any one hour-line from the 


|. meridian being known, we may find both the 


length of the ityle, and the diſtance of the reſt; 
becauſe, B. 


As the tangent of the hour given, 

is to the diſtance of the meridign : 
Sothe tangent of 45 gr. 

co the height of the ſtyle. 


Suppoſe the length of the horizontal Jine tobe 
r:2 1nches, and that it were required to put onall 
| || the hour-lines from = the morning into 5 inthe 

eycning. Here we have 5 hours and 6 inches in 
either {ide of the meridian. Wherefore I allow 

157. for an hour, and cxrending the co 
from the cangent of 75 degrees ; I find the ſame 
EXtcnt 


© rin 


I 6 A ao @$K$= TT. £m Si acc omMmifu a 


* - iu 4 polar Plane, © 13 
to reach in the line of numbers from 6e0 to about 1 61 . 


This ſhews both the height of the ſtyle, and the diſtance of 
the hour-points of 9 and 3 from the Meridian to be 1 inch, 


61 parts. 
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ta 


Trfiud the Length of the rangent between the ſubit3lar and the hour 
point 5+ 


Asthe tangent of 45 gr. 

to the agenegt the hour : 
So the height ofthe ſtyle he 
tothe length of the tangent-line between the ſubſtylar 
and the hour-points. 


To ong found the length of the ſtyle in our example 
tobe 1,61, if I extend the compaſles from the tangent of 45 
. unto the tangent of 15 gr. the meaſure of the firſt hour 
the ſubſtylar, I ſhall find rhe ſame extent to reach in che 
line of numbers from 1.61 unto o. 43, for the length of the 
__—_ between the ſubſtylar and the hour.points of 11 and 
1. If I extendthem frem the tangent of 45 a unto the tan- 
gent of 75 gy. the meaſure of the fifth hour, I ſhall find them 
to reach 1n the line of numbers from 1.61 unto 6, oo, for the 
length of the tangent from the ſubſtylar to the hour-points 
& 7andg. For howſoeyer it be the (ame diſtance inthe line 
of tangents from 45 unto 75, as from 45 unto 35; yet -—- 
| Cal 


of the ſtyle. . 
Again, if I extend them from 45 gr, in 
tangents unto 30 gr- the meaſure of theſe, 


4 O|* 79. line of numbers from 1.61 nnto o. 93 for 


[.6, 690 © Inka.” the tangent of 45 1h untothe tangent of 64 
gre fot the fourth hour, I ſhall find them to reach 1ntheline 
of numbers from 1, 61 unto 2. 79, and ſuch is the Teagthof 
oc rangent linetrom the ſubſtylar unto the hour of Lande 

nd the like reaſon holdeth for the inſcribing of all 
rangent lincs4n the Propoſitions following. 

G Bur for ſuch tangents as fall under 45 gr. I may | 
croſle work, and extend the compaſſes from the tangentof 
45.gr- unto 1.61 in the line of numbers, ſo ſhall 
(ame extent to reach from 30 gr. in the tangents, to om 


in the line of numbers, for the diſtanc of the ſecond hour 
from 15 gr- inthe tangents to 43 parts tor the diſtance of the 
firſt hour from the meridian. 

Or if this extent from 45 gr. backwargto 1.61 be too large 
for the compaſles, I may extend them forward trom thetan- 
gent of 5 gr. 43 m9, tO 1, 61 parts inthe lines of numbers, and 
the ſame extent ſhall reach from 1 5 gr. in the tangents, to4 

rts-in the lines of numbers, for the diſtance»ot the 

our ; and from 30 gr-to 93 parts,for the diſtance of the ſecond 
hour, as before. 4 | 

Haviog found the length of the tangent lines in inches and 
parts of inches, and pricked them in the equator on both 
of the meridian, trom the center C; it we draw right lines 
through cach of thoſe points, crofling the equator at 
angles, they ſhall bethe hour-lines required ; and if weitta 
ſtyle over the meridian, ſo as the edge of it be paralle) tothe 
plane) and the height of it be as much above the mer! 
as the diſtance between the meridian and the nur I 
3 and 9, it ſhall repreſent the axis of. the world, and wu 

Pp 


4 Y, Y 1 * a 


9, 345 0)" 5") cond hour, I ſhall find them reach in the © 
75 ©]? ©® the hour of 10and 2 : if I extend themfrom 


FP » WY 


T7 in a meridian Plant. I5 
1 op fk the cafting ef the ſhadow upon the hour-lines in 2 


FS. 4. 
- 


CHAP, III. 
To draw the Hour-lines in 4 meridian Plane. 


mn plane is that which is parallel to the meridian 
rcle inthe fundamental Diagram repreſented by SZ N ; 
#hath ewo faces, one to the Eaſt, and the other to the Weſt ; 
incach of them the ſtyle will be parallel tothe plane, and the 


bi. *. 0 | N 
 -» + i.  _— \ 


pid A 
i 2 4 
»B n 

+ up wed 


hour-lines paralle} one to the other, as in a polar plane, the 
Gbrrence being onely in the placingof the equator, arnFin 
numbering of the hours. . 


| Fot in theſe meridian planes having drawn an occulr 
vertical 


The deſcription of the Honr-lines 


iro Tay, | vertical line© Z,-and /4n occulthorizamy] 
S _7 Fo | line CN, trofling one the other/arivigh 
”=]- O 


| angles in the point C, the equator A:C will 
e2|__©'|_ .®\ curthe vertical with anangle Z OA, equi 
| 3-45] 655] eothe latirnde of the place: the may.ge 
1. 32| croſſe the equator at right angles with-the 
1-99] line CB for the hour of 6, and fromthigfe 
2.69 oft the hour-points-in the equator, as inghe 
obs Ts or op, een af nie hey 
2-230 ry | 
191-414 > bercn incheys thelengeh-of'eba 
linebelonging to the firſt hour willbev, 
l: | 68 p« he bh of the ſeconds in. 77pas 
Exp2 6.68) {rhe Table, Then the tangent of'35 gn he- 
; (#7+3 7» 67 ing prickt down inthecquartor onbodh bh 
: [47+ 15; 5477] from 6, ſhall ſerve for the hoursvt x:andy, 
3/452 .2.19: 09) and the at of 3ogr. fort 4 
49-45,: 40 | and$, andſoin thereſt, ThisWoe, bye 
2-30, oF draw right.” lives chrough cach (HP 
F0+ 15/14 97] points, crollng the cquator at r 
4160. 017. 32 they ſhall the hour-lines Jas Tpw-r7 
uu _ aſty oo way ag = 6,:(0 as * 
4 it may be parallel to rhe plane, 
7 302414] the height of | may be equal cocks didine 
| 22] between the hours of 6 ands inthe equy 
——| tor, itſhall repreſent the axis of the world, 
"oy and be truly placed for the caſting of the 
* 39175- 96] ſhadow upon the hour»lines in a meridian 
c 7] plane, 


——_— 


CHAP. IV, 
To draw the hom-lines in an borizontal plane. 


AN herizonal plane is that which is parallel] to the hoti 


Þ 
N 
on, repreſented iy the fundamental Diagram by theo: 


+» == ADM» mro=n 


[* 
fo 
d 


baſs gs 
| " hor 
the diſtance 


hour 
nce herween the fifth and 
18 gr- which vali 


tailed a 


the axis of the ſtyle. And ſo you have both At <4 
ſlyle and hour-lines ready drawn to your | |?7* 32 
hand. Bur more particularly to our 
Theſe hour-circles dered, 
meridian and the horizon, do make divers | [78+ 45]75- 45 
;PN1,PN2,PN3, inwhichwe | |32. 3050. 25 
[ leatN, the | |86. 15]55-23 
Notth interſeQtion of the meridian and the ! 6'go. _oy0. © 


have known ; firft;the right 2 


+ Iu an horjzomal Plone: 
'ESW N, in'which: the diamo»- 

from. che South co.the Nath), 
for the meridian line and the : 


and the 'circles drawa 
Gour-circles 96-2, 
xred from the mert- | 7; 9: 
equal atthe pole, and: at the i Ts 
u diftant at the hori- | 
- ia ore rry v9 
ng not I2g7. 
Gxth 
| ing obſerved, if | - 
you ſuppoſe right lines drawn fromthe cen- 
; terCtothe inter{cions of theſe hourcircles, | 
withthe horizon, the line ſo drawn ſhall be [54% 35/342 
thehour-lines here inquired. And then, if | 3145-0138. 
you can, imagine a line drawn from the 48. 45 
center C, roward P the pole of the world, & | [|52. 3045+ 3 
bove the meridian line CN, foas| [56-1549 3 


theangie P CN may be equal to the lati- | +. 053-35 
dhe \this right inc C P ſhallbe Þ 7 - 


71, 15 66-33 
C. 
ay the | S123 _ 7 6 


33 35451 


the di- 
hour a-- 


[91 


33» 4527; 
37+ 30.31, 


41,45 


horizon ; ſecondly, the fide Þ N, the ark of © 
le and the horizon, which is al- 
of the place ; thirdly, the an. 
at the pole, made by the meridian andthe hour-circles, 
me NPt ing 15 ', NP.2 30 gr, cach hour ty gr. 
i | If hour 7 gr. 30». cach quarter 3 gr. 
43m: 25 in the ſecond Columoe of this Tablc,,, And theſe 


the meridian between the 
waycs equal to the laticude 


othcrgcach 


Ccc 


three 


18 The Deſertytion of the Nonr4ines.” 
being Known ;''we may find the atk#/of thy 
three ne horizy 


" Asthe fineof $6 py. 
isrothe fineaf the lacitude 
- .Sqthetangentof the hour, -- 
- -* tothErangeat of the oe'e. He Free the mitlieg 2 
\ Eecnite comms compaſlcs trom the ine of 20gr. to the line 
the larirude, ſorhe exreat ſhall reach ftom the _ 


if the hour, rorhe ng ben Oh Howe: jne from the 
dian. Thus the latitude bei wige: = fan wars 
pales from the fine of 50 gy. to lane of 51.214 gow, 26 


the hour-ciccles N 1,N »N 4, ta | 


. tne herlt Diem oe 29 


| | 
EDITED 
TD 
5 £7» 510: or 
a hai hour; anda 
third JPATrteer ; and from t be tange cb 


ih, 7. ©, UND 11 
- l iocharidad Co. 


ITT the plans! 


fe <idnine at & Oo: © vg _—_ eagromeng 


_—| 74 fe 

( 1*.'1 *% nl | | 
{ it NO LES } = 
| 
if 1 Si | 
"Ss Ti =_ 
{4 . A 
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' Onely when I come wer one fore of the compaſles to 48 
17-45 *. for the finding of a er paſt 3, the ocher foot 
will fall out of the line, and then 1 may either take ovt (o 
———— i ry. andrurs eback invo 

Cc 3 


mate 
ab Non 5 42 


fine of 5'vg jo, t6 
wn .16 71] 10 * 
grep tor 

1 Idrawthe right lines N, rv for A mai th 
hour of 1s and the ſubſtylar. 


in like 9g wy eb cr 24 27, 20 we. for the how 
and 2; and a chord'of 38 gr. 3 w. for the hours of g and;y 
and ſo for the reſtof the hours, their halves and quarters. | 

4 Idray right Jineschrough the center, and che terms 
theſe pn, and theſc lincs {0 drawn, arethe hour-linesth 
quire 

The line belonging tothe hour of 6 will be perpendicular 
crater inthe andthe hoon mltby in the 
or 61nt even , a continui 
oppoſite hou ary center, As the hour- lin 
in the mornii oy a will be the hour-lint of 7inthe 
NG Tr IIs aver ancktics, 6 

ct over the mer e may cit 

the plane i in the center, and there make an angle br rn bi 
ridian equal tothe of the place, ſo it ſhall repreſent 
the axis of the world, and betruly placed for caſting of the 
ſhadow upon the hour- ines in an hodtzoaral plane. 


1 CHAP 


, m k 
” { % , f , * . ; n+ . 'Þ 1 SITEY f ' v7 : 


_ —_— uy _ 


in a vertical plane, 
I CHAP. Y. 
ORR To draw the Hour-lines in a vertical plane. 


A Vericalln is that which is | ro the prime ver- : 
| circle in the fundamental Di » repreſented by 
"$2 W. Ithath rwotaccs, oneto the North, the other to the 


— — « F 


C Ls 


HTN 


©—2 + 2 1 l 


South ; in each of them the ſubſtylar will be the ſame wich 
the meridian line, and the angle of the ftyle above the 

will be equal to Z P, che complement of the latitude and 
hour-lines here inquired may be ſupplicd by imaginingright 


The Deſaripthe of the Howr-line 


[Carte Fr 3O lines drawn from the center © Ctothe 


As the fine of 90 gr. 

is to the oothge pe - latitude z 
Sothe tangent of the hour, 
| to the Gngent ot thc hour-line trim 
. che merician. 
| 33+ 45]22+ 35] Extend the confpaſſes from the ſineota 
| 137+ 3025-32) gy. rothe ſine of tye complement of thely 
41, 45]:8, 38 ricude. ſo the ſame extent ſhall 
[3/45-_ ©32- 54|the tangent ot the hour, to the 
43. 45135. 22/the bour-line from the meridian. 
thy 3 39: Thus in the laticude ot 52 gr. 30m Tet 
nas ocomgetics tram the 1h necljop 
the ſine of 38 gr. 20 »-and find the ſame + 


tent to reach from the rangent of dv 


Aa. 


the tof 9 gr. 2$. for the 

67. 3956. 29/the firl > cries BY 

* *2\the tangent of 75 gr. unto of 

« 432, for the ' eng aud ſoin 
asiathis Table. 

heſe arks es bi I ma cond 

both 


a 


| Angel les here conſidered 
P ſ6r. M, (Gr, Moo. erg A), 
[12] © 0/00 > in ere hors: rr ur the 
14 3+ 4%] 2. angles atthe- + and the ri onglenrthe 
| t - 30 -- zeauh, and r relewe may the arks of 
|: $#t- 4 the yertical, þerween the andthe 
© 28 hour-circles atter this manner : 


ng. Poſfure. Pl Rr the howy-circles E ZW, =| > 


Sa—__—_ a... a as N——— — 


- « Att A x © cnc 


> a Td oo SRL 
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hn 4 wieiesl mcliaing plane, 23 
le-poine rpward in all ſuch places azare to the North- 


of the equinoQial line, as it may appear by conſidering 
po lines do tall in the tundamental Diagram- 


3 206. CHAP. VI, 
| To dyaw 1'e Hour-lines tn  ventical inclining Pane. 


A L1 thoſe Planes that have their horizontal line lyin 

Eft and Weft, are in that reſpett (ard to be veorteals i 

?.” they be alfo upright and paſſs through the zenith, they 

ard dire verticals ; if they incline to the pole, _ are di- 

i polars ; if ro the equinoQial, my y called 
ret i 


Ly 


ninodtial planes, and are deſcribed to none of 
Kheferhree points, they are then calied by the genera} name 
ining verticals- | 
"Theſe may incline either to the North parts of the horizon, 
ertothe South ; and each of them hath two faces, one to the 
zenith, the orher to the nadir, in which we are firſt roconfi- 
dro height of the pole above the plane, by<omparing the 
- {adination of the planc to the horizon, ichche Harirule of 


aces 
ne latiemie of 51 gy. 30m. if thedeclination of the 
EIW in the tundamemal Diigram thall be' 13 "gr, 
hward, that is. it IN theark of che meridian between 
theplane, and the North part of the horizon; ſhall be 13 yy 
wemay raketh-ſe 13 gr. oof PN 51 gol $60 theekevation 
ofthe pole ab-verhe horizin, and ctherewill remain'Þ 1 38 
,zow tor theelevation of the North pole aboverhe 

the plane, and therefore 18 gy. 30 w.'for the height of 

the Sonch pole above the lawet tacc of rhe phne. | 
\ Orit the inclination of the plane fhuFbe formed tohesz 
HE Sourthiward. we may nembet therymInche meritfan 
$ the Sourtypart of' the horizumamto L, and there draw 
LY repreſenting tis phanc ;* (o the ark of me 
e rhe 


ian Þ L ſhall-give the heighcot the North pote above 
upper face of this pignc to be 66g". 30 wand theret 


24 The deſcription of the Honr-lines 
height of the South pole above, the lower face of the plahe 
alſo 66 gr. ZOO f ; | | _ 
In like manner, if the inclination of the plane E Y Wy 
be 15 gr. Southward, that is, if SY theark of the merigian 
between the South part of the horizon and the plane ſhallhe 
15 gr- The height of the North pole above the upper faceof 
the plane, and the _ of the South pole above thelower 
face of the plant, will'be alſo found to be 66 gy: 30 ms. .” 
Bur if tHe planc ſhall fall berween the Zenith and the North 
, then will the North pole be clevated above the fower 
» and the South pole above the upward face of the 
as may appcar by > projeFtion of the ſphere in the far9 


mental Diagram. 

"Then >. triangles made by the plane, the meridian,and 
the hour-circles, we have the {ide which is the height of 
pole above the rogether wich the angles at the 
the right angle at the interſeAion of the meridian'withthe 
plane, by which we may find the arks of theplane between 
the meridian and the hour-circles, aftcr this manner, }.... 

As the fine 90 gre | | 
is tothe {inc of the pole above the plane : 
; Sothe tangent of the hour, _ 
tothe t of the hour-line from the meridian; ,. 
. Thus in the former example, where Þ I the height of the 
pokcabove the plane was found to be 38 gr. 3o m, if you ſtall 
cxtcad the compaſlcs from the fine of go gr. re rin ly 
£7- 30. the ſame extent will reach from the rangentof 1 
£7 po Ge rongng At 9gr.28 m»», for the diſtance of thefir 
our from the meridian rom 30 gr, Unto 19 gr. 
the {econd hour, and ſoforw in dic 


ard, as inthe dirc& verrical.- .. 


fine of go r- unto the finc of 66 gr. 30m, (p 


30 gre Unto 27 gy. 54%, 
unto 57 gr. 48 ws. for the fourth 
+ YAO 43.gr, 31 ww, for the third hol 


Theſc 


| Andforthe two laſtexamples, you may extcndthecows | 


_ 
mm mM. Aa} © AY aA. ceo tc I Tc as 


— 
P33 SR »Dg mea ww 


«a = 


© Oy = oo a 
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Y 


in 4 vertical declining plane. 5 


\ Theſearks being known, 'you may firſt draw the horizon- 
Wl line, and crofle it in the middle with a perpendicular, that 

ſerve both for the: meridian and the hour of 12, and the 
"{abiiviar ; then knowing which pole is elevated above the 

you may accordingly make choice of a fit point in the 
meridian for the center of your hour-lines, and thence de- 
ctibe an occult ark of a circle, inſcribe the chords of thoſe 
former azks, and draw the hour-lines, and (ct up the ſtyle, as I 
ſhewed before in the horizontal plane, 


_ 


G_- —— 


y CHAP. VII. 
Te draw the Hour-linesiin a vertical declining Plane. 


A Lluptight planes whereon a man may draw a vertical 
A ine, are inthis reſpe& (aid to be vertical ; if they ſhall 

© alſo ſtand direftly Eaſt and Weſt, they are dire verti- 
ak; if dire&ly North -and Sourh, they are properly called 
meridian planes, and are defcribed before : if they behold 
none of theſe four principal parts of theworld, but ſhall ſtand 
between the prime vertical and the meridian, they are then 
called by the general name of declining verticals. | 

Thete have two faces, oneto the z the other tothe 
Notthward, which may be diſtingufſhed in theſe Northern 
parts of the world after this manner. It the Sun coming to 
the meridian ſhall ſhine upan the plane, ic isthe South face; 
if not, it is the North | arplane: Again, if the Snn 
ſhall hine upon the plane h noon, and yet longer in the 

than inthe afternoon,ir is the South=caſdface: it lou- 
inthe afternoon than in the forenoon,it is the South-weſt 
of the plane, But how much the declination cometh roy 

is beſt found as before. 

When the declination is found, there be four things more 
= contecrad, before we can come to the drawing of the 

-lines. 


1 The meridian of the plane; and his inclination to the me- 
ridian of the place, G 
: D d d 3 The 


: 26 The Deſcription of the hour-lines 
2 The height of the pole aboye the plane,  .. 
3 The diſtance of the ſubſtylar from'the meridian line, - 
4 The diſtance of cach hour-line fromthe (ubſtylar,. - 
And thelc four may all be repreſented in the fundamenty} 
Diagram, as inthis cxample, 


N 


declination of an upright plane ſhould be tound-robe 2495 
20 Mb. 4413 
InthetriangleP'R Z, we know the angleatRero bed right 


ang'e, and the angle # Z, for it isthe'complement of thc d- 
Cl1Qation, 


f 


Stppoſe that in our latitude of 5 r wi 30 Norch ward; the 


i —_ ——_ OE II" 


SD BB ca © 
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elination,and the baſe Þ Z; tor it is the complement of the la- 
tzude.. And theſe three being known, we may find the other 
angle RP Z,'which is the angle of inclination between both 


1ans- 
As the fine of the latitude + 
is to the ſine of go gr. 
Sothe tangent of the declination, 
ts the tangent of inc)ination of meridians, 
Thus in our former-example 1 extend the compaſſes from 
the fine of the laticude 51 gr. 30 w. unto the ſine of -go gr. the 
lame extent Will reach in the line of tangents from 24 gr. 
20m, the declination givenzto about 3o gy. and ſuchis Z.Þ R, 
theangle of inclination between the meridian of the place, 
andthe meridian of the plane ; and therefore the meridian 
of rheplanc will here tall upon the circle of the ſecond hour 
from meridian of the place(as it may alſo appear by open- 


( 


- ng thecompaſles to the neareſt extent, between the pole and 


pane) and there I place the letter R co make this — 


2 To find the height of the pole above the plane. 


{The height of the pole is to be meaſured inthe meridiin of 
theplanezit is here reptefented hy the ark PR,8 may be fourd 
bythat which we have known in the forner trianglePRZ., 
Asthe ſine of 90 gr: | 

.. » totheco-ſine of the latitude : 

/- Sothe line of thedeclination, ; 

tothe line of the height of the pole above the plane. 

Extend the compaſlſes from the fine of 90 gr. untothe fine 
of ;8 gr. 3 0m. the complement of the latitude, and the ſame 
arent will reach from the ſine of 65 gr. 40 », the comple- 
men of the declination, unto the fine of 34 gr. 33 m. 


__ » Orit youpleaſe to make ule of the _ of the inclination 


of the twa meridians, the proportion will hold. 
| fine of go gr+ 
ro the co-linc of the inclination of meriditns : 
Sothe tangent of the latitude, 
tothe tangent of the _ of the pole above the plane. 
2 


dd And 


& Vos 


23 The deſeriptton of the Honr-lines 
Andthen you may extend thecompaſſes fromthe'ſinew 
90 gr. unto the ſine of 60 gy. the complement of thi indling. - 
tionof the, meridians, andthe ſame extent will reach fron 
the tangent of 38 gr. 30w. the complement of the latitude 
unto the tangent of 34 gr. 33 9 and ſuch is theark PR, the 
height of the pole above the planc. h 


3 To fend the diſt ance of the ſubſtylar from the mals 


This is here repreſented by theark ZR, and may betoung 
by that which we have known in the former triangle PRz 
As the (ine of 9go gr. : R 4 
to the ſine of the declination : 

So the co-rangent of the latitude, . "WM 

co the tangent of the ſubſtylar from the meridian,” 
Extend the compaſles from the ſine of 90 gr. unto the fine” 
of 24 gr. 20m. the declination given, and'the {ame extenr will 
reach from the tangent of 38'gr- 30 »s. the complement gf th 
ude, unto the tangent of 18 gr. 8», and ſuch isthewt 
, the diſtance of the ſubſtylar from the meridian. ---* 


4 To find the diſtance of each huvy-line from the ſubMylar, 


Fhe diſtances of the hour-lines from the ſubſtylar, are here 
repreſented by thoſe arks of the declining vertical 
to the plane, which arc intercepted between the proper met 
dian of the plane and the hour-circles. | | 

To this purpoſe we have divers triavgles made by the 
declining plane, together with his proper meridiatiand the 
hour-circles. Iatheſe we have known, firſt the rightanglex 
the interſe&tion of the proper meridian-with the plane ; then 


the ſide which isthe heightof the pole above the plane; and 
thirdly, the angles at the pole. For knowing the angleof its 
clination þerween the meridian of the plane and the mer 
dian of the place, which. is alwayes the hour ob 1 2, we may 
- find the angle between the meridian of the plane and 

hour of 1, by allowing in 15 gr. and the angle berweeathe 
meridian of the plane and the hour of 2, by allowing in 39 
&7. and ſo forthe relt, which being knowgq and ſer _ 


— 
= : 
LI 


; 
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able; we may find the arks of the plane from the ſubſtylar to 

thehour-circles, in this manner. . 

"As the fine of go gr. - + lis n1lt 
rotheſine of the height of rhe pale aboverhe plane : 

- -» Sotherangent of the hour fromthe proper meridian, 

_ +» tothe tangent of the hour-line fromthe ſubſtylar. 

, «Thus in our latitude of 51 degrees 30 minures, if the de- 

glination of an upright plane ſhall be found to be 24 gr. 20 

». from the prime vertical, rhe'one: face open tothe South- 

"weſt, the other co the Northeaſt, I may number theſe 24 gr- 

20w. inthe horizon of the fundamental Diagram. from E 

nnto B, —_— ro the ſituation of the plane, and there 

draw the vertical B Z D, which ſhall repreſent the plane pro- 


4 
. 


Thetwo poles of this plane will fall in the horizon a H 


and Q, therefore the proper meridiandrawn throu 
«471 of the plane, and the pole of the world muſt be the 
cle H P @, which here croffeth the plane at right angles in 
' the poſnt of R, anJ inclineth. ro Þ Z S the meridian of the 
place, according tothe angle R PZ. : 
:The quantiry of this inclination. may be readily found by 
the hour-circle where the proper meridian” falleth. As here 
afalleth on the ſecond hour-circle, and ſorhe inclination is 


30 gre | | 
Fhe height of the pole above the plane, which giveth the 
height of the ſtyle above theſubſtylar, is here repreſonted by 


heline CP the axis of the world, is alwayes the axis 


of the ſtyle, and the neereſt line that can be drawn upon 
-—_ tothe axis of the world. is the fitteſt for the tub- 
fylar, and;thar- isthe line CR, ſothe angle P CR, is the 


angle berween the axis and the plane, commonly called the 

of the ſtyle, and the meaſure of this angle is the ark 

PR; This ark is alwayes lefle than the complement of the 

latitude, and may be cſtimared by taking the diſtance P R 

withthe compaſles, and meaſuringir inthe meridian from 

_ Z, Son this cxample it will appear to be abour 
9145+ 


The 


the ark PR. For as in the korizontal, (© inthis and all ocher - 


3o The Deſcription. uf the Raur- lines 


The diſtanec of the” 8.4he 
repreſented by the ark ZR. Forghe meridian' line-upor the 
lane is C Z, the ſubſtylar line is CR, ſothe angle | 
rween themis 'ZC R,,and the meaſure of this angleis the 
ark ZR, which takep with the compaſles,: and meaſured jn 
the ſemidiameter, C \W.-from Croward W; willbe found 
about 18 gr. 4 P3317 | 


The diſtances. of. each hour-line from the ſubſtylary a | 


here repreſenred- bythe arks of the planc between the poi 
R, andthe interſe&ions of the hour-circles. * For the | 
lar line is:CR;'abd the howr-circle ot. 1:croflingtheplanein 
the point O; rhehour-hnc of 1 upon the-plane muſt be CQ, 
ſo theangle berween the! fubſtylar- and the. hour-lineof.zh5 
R CO, and the meaſure of this angle is the ark R O. lalits 
mannerthe hour-line of 12 willbe C Z, and the diſtancefrom 
the ſubſtylar R Z. The hour-line of 11 wiltbe CX, andihe 
diſtance from the ſubſtylar RX, and fo the reſt. Theleds 
ſtances R O; RKZ,R X;8&c. may alfo be taken with the roms 
paſſes, and meafured as before. | xl 
Beſides theſe four repreſentations, the Diagram will hey 
what polc is clevated above the plane, and what time the Sun 
ſhineth. upon! che;plane; At ir-be the Northeaſt face of thi 
plane, you:may#think: P to be the North pole, and che hoo 
circles to b: drawn ona convex hemilptiere, (o CR theſubs 
ſtylarz and CPthe-axtis of the ſtyle will both pore 
- and having deawa the tropick of B, you ſhall find by ' 
meeting of the plane [with the tropick, and the hoir< 
that the Suwratthe higbeſt, may ſhine upon the plane, from 
the time of [the rifioggnnnl it be'paſt g:inche morning/and 
from 7 in-the evening untothe time of his ſecting. | Burib'it 
be the Southweſt face of the plane, then you may eitheritp# 
poſe the ſubſtylar, and the axis.to be continued down below 
tae center, like unto the hots before and after 6\in a 
zontal pine, or elſe you may turn the Diagram and thi 
to be the South pole, and the hour-circles robe drawninan 
horizantal concave, {o' CR the ſubſtylar, CP the axis of 
{tyle, will both point downward, and ſoaiſo the hourlivs 
from 8in the morning, until atter 7 in the eyening, asit 


appea 


lar fxom the Mcridian-is here 


OO? <A 204. eo een, == © 220 
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-Glumun of this, I ablc. f {2 10/660 00144 '2O 
\ The king my coWpafles in my |: ors "©0154 42 


'F in 4 vertical declining-Plane. ; 
ghary? the tiicering of che plane with the frorizon, and the 


Circles, 
Thus with ghe drawing of one line in the Diagratt "to re- 
«ect the plane according to his declination; you may have 
Ie for firted to an oecuneng vertical, with the ſtyle 
ſu 


bſtylar in their due place,which may ſvffice tofree you 


| from grofſe errour ; but for more exaQtneſic, we conſider 


©. 4 Ro. ie a eee A nn - - < woes Oi wg t# OT FT - 


—- To fondiht inclination of CMeridians, 
| The meridiai'”"of the place is a circle pafling through the 
s ofthe world, the Zenithrand the nadir... The proper me- 
i ah of the plane is a circle paſſing through the poles of the 
warldand the poles of the pJane, The circle of the plane, and 
theſerwo meridians do makea triangle,ſuch a» P R Z,where- 


' inweknowthe angleatR. 


\ Tconſidgr the angle of inclination of Latitude N. 51 30 
themeridian R PZ, and there ſee how Declinat. 24 20: 


nh] the meridian of the place, Dif. merig." 20' © 


(eh is che hour of 12, being 30 gr. di- | Ajr. Srv}. 5 
t from PR the meridian of the Diſ, A & 


06 and that one face of the plane (yp ———— 
og open tothe Southweſt, _ the [ret dng-Fo [Ar Pla, | 
ahe "by Frorcqpaſtyrie meridian of OM Gr. M- | 
alleta tobe the ſame wich-{4 $90 coga o 
wfooaph 24 (ther Wiſe with the hour ls "2:75 06ba 4 | 
of 202/) therctore allowing-15 gr. for |6.. 6160. 0044 3 

zotr, the hour of L RÞ will be 5145 ,0029 3 
.and R PX the hour of 'r2 Will |$ .4{;z0 eor1$ 8 
45 £7. diſtant from P R the proper |9 *3 5 00g 38| 
idiandf the plane : and ſo [ gather” ſu 0*-2|Aforid, [ub##31. | 
ginclmation of the reſt of the hour- [1x iſs 00 \$ 38] 

TO " thry-meridian, accord- ny 17O 0078 8. 

AC.UES Ain. d Has. £0129 33 
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handr.I exten 


them from the lineof 14 £199 oolgo g 


99-utto the fine of 344+ 33-1, —_— ONE 


hcighe 


32 The Deſcription of the Howr-lines. 
hcight of the pole above' the planc, $2 find them to reach ig 
che line of tangents from 15 gr. the1nclination- of the 

of 1, t08 gr. 38 #9. tor che. ark of 1,1 trom the ſubſtylar, ang 
from 30 gr. unto 18 gr- 8 #, tor the hour of 19, apgreeablet 
che third Prop: and trom 45 gre unto 29 gr. 33 m- torthe hour 
of 11, and (othe rett, which 1 alſo ſer down in the third Co- 
luma ot the lablc. mY 


—— ——— 
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ww 
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Theſe arks beingrhus found, will ſerve for the drawing 
the hour-lines, both on the Southweſt face, and the Nontbalt 
face of this plane, and alſo on either face of . the like planethat 
hath the ſame declination, and the poles in the | and 
Northycſt, | 41h 
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in a vertical aedining plane. 33 


3 By the oelp of athread and plummet I draw a vertical 
ſine, ſerying both for the meridian of the place, and the hour 


12- 
a this meridian line I make choice of a center at C, in the 
, ct of the line, if itbe the South face, as here we (up- 
it, that the ſtyle may have room ro point downward, but 
"the lower part of the line, if ic be the North face of the 
;-for there the ſtyle muſt point upward : and upon this 
center 1 deſcribe an occult circle, repreſenting thedeclining 
vertical belonging to the plane. 

; Ifind a chord of 18 gr. 8». the diſtanceof the ſubſtylar 
from the meridian of the place, and inſcribe it into this cir- 
ce, from the meridian unto A toward the right hand, be- 
auſe in this eXample the meridian of the plane fals amo 
the hours after noon, (for otherwiſe it muſt have been inſcri- 
bedtoward the left hand) and there I draw the line C A ſer- 
ying for the (ubſtylar. 

Hs to the table of the arks of the plane from the 


lar, I find a chord of & gr. 38 ». and inſcribe it into this 
t&, from the ſubſtylar toward the meridian; forthe hour 
{In like-manner a chord of 25 gr.23 m. for the hour of 11, 
atichord of 44 gr. 20m. for the hour of 10, and (o forthe 
rv the hours, their halves and quarters. 

'3 Idraw ' right lines throogh the center and the terms of 
tele chords, and theſc hnes ſo drawn are the hour-lines re- 


"Lat, I ſet up the ſtyle over the (ubſtylar, ſo as it may cut 


| be glans inthe ccnter, and there make an angle with the ſub» 
or 3 


4 gr- 33 m. accordivg tothe height of the pole above 

ear 0 it ſhall repreſent the axis ot the world, and be 

ty placed for-cafting of the ſhadow upon the hour-lines in 
thisdeclining plane- 


#4: af ſecond example, 


Suppoſe another upright plane, in the ſame latitude to 
decline pagren vertical 65 gr. 44 #9. With one face open to 
the Sourh-eaſt, the other to the North-weſt. Theſe 65 gr. 


40 », would be numbered from. EuntoQ, and from W un- 
| | | cc 


to 


ng. 
1 Thea <ZPT 


will be fon 


4 


be 14 gr. 51 199- 1,.20G 
3 Theark Z T, themeafureof the angle Z CT, 
che diſtance of che ſubſtylar from the meridian 


K Ify* « 


reſt "ord 
noted in che ſecond Co 
of the plane ill be fo 


-——— »- wwoy 


oy | 
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.. {# 4 verdleal dactintug plane; 37 
tobe ſuck aumbersas Ihave noted in the third Eolomn, 
. With this table thus made, you may draw the hour-lines, 


aag(&t.0p the ſtyle on cither face of thisor the like planc, the 


difterence onely inthe placin 
is reſolved by of the : 
: A third example of 4 Plane falling neer the Meridian, 
Aftcrthe like manner, if inour latitude an upright plane 
ine 85 pr. for the prime vertical, the one face of i 
= hon co the North-wett andthe otherto the Foutt-caſt, 
we may - une bes pe it by the vertical Q ZH, and 


as j 

x The ZPT, the inclination of the rwo meridians 
befound ro be 36 gy. 5 w. ſothat P T the meridian of this 
x will here fall between the hour-circles of 6 and 7 from 
2 Thear£PT, the mcaſurc of the angle Þ CT, the height 
o the plane willbeonely 3 gr- 6 w. 
CE er ce erred 

« | 3 +3 . 
PA acme rk WIND 


at the ___ 
calſo gathered, by cc - Lazitude. 
idian of the pla h [Declinarton 


of the ſubſtylar,and that 
m. 


L 


53 30 
8 oO 


If TH . G6 5 
rid \Altfrude ſtyl. 3 6 
jan of Dif. fubRty1. 38 23 


0g 
* and the hour of 11,71" gr. 5 =. diſtant frem che 
of the plane; and ſo the reſt of the hours. Or be- 
diflerence of meridians $6 gr. 5 w. reſolved into 
5 hours 44 wv. and ſothe meridian of the plane 
peer the hoargof 6and 7 fromthe meridian. 1 firſt 
place this meridian berween theſe hovrs, 8then taking 75 gr. 
the common meaſure for 5 hours, out of $6 gr. 5 ww. 6M 
niaios 3r-gr. 5 ms. for the angle at the pole berween the meri- 
dan of the plane and the hour of 7, Again, Itake 86 gr. 5 w, 
outot go gr, the common \nacaſure of 6 hours, and there re- 
| Ece 2 mains 


| RIS... a. noi —G mies 55 ws, or 
[An.Po EE On thepole, 


angle at 


| |-8 "a 26 bp, longer on 


l.gs6: 51 4 . 36]-9 25) s Columnof this Tak. 
pe : . 43| 4 Tl Then having the height 
©5| 2; 65},0f the pole: above:the 
20, 1/05) plane, and chefe angles4 
0 v.74 | the pole'; the atksof the 
44 o 6 38 phne, borween: ri. 
b 15 1 $6; ''ylar and-the hours 
x, | od wp will. be. found: wit 
3 33 13) 6 20 thethird Columa;- 
5 6 acti 77.11 16 T beſcarksdeing ng found, 
7 25 ts :] $227 x in > of the hour-dinks 
p | _186 Zolgo $5]99 6786 68 þ- - fn Ig 
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thread and plummer, IdrawZCa BTL IT. \Grving 
for the meridian of the place, and the hour of 1 _ 

2 In this meridian line I 
pee ay the line, if it had 

ane, but here in C the lower part of the line, becauſe 
a" ir to be the North- weſt tace of the plane, and 
mult poiat lo yada ; andupon this center I deſcribe ano 
cn repreſenting the declining vertical belonging to 


3 Ifind achord of 48 vr. the diſtance of theft 
hs from the meridian - 8 f wi 


circle, from Z inthe meridian, unto T reward the left hand 


aoning as the proper meridran Þ T fals in the fundamen- 
tal gram ; pa, here I draw the line.CT ſerving forthe 


fu 
4 The ſubſtylar being oma, I may inſcribe the chords 


choice of 6 contesin ith | 
en the Soathern face of the | 


the place, and inſcribe icintorhis 


at —=— VP EE COAX cr. TT 


- 
C 7 D 


ws we. TT. Mie. 6 So 


18 46,8716 declining Plane 37 
= £110 the plane from che {ubltylar, and draw the hour- 
a. 


ct nes the ſtyic as in the k former r plane. 


Gre arks of the plane from the ſubſtylar being found as 
draw os HoneJines upon the plane otherwiſe 

than bye Mg . For ha drawn the hour-lines as in the 
re, upon paper or _— e-boord, we ſhall find the maſt 

them, inthis and ſuch like planes that have greater 
Caloatios, to fall ſo cloſe together, that they can hardly be 
diſcerned ; vhetoors ro draw, them. at large.to the beſt ad- 
Yattage pf the ans, |  Jleaver ous the ceuter, and draw thena 


by 


I amo draw the hou 
deis 36 inches, & find thatthe 


tangents, as-i 
1; lconfider ne len polar p CASEY of the plane, whereon 
—_ which [ſu ole; ro bea (c re. 
fieele ſquare A 


oh 


The Difeription of the howr-bjes 


gs 
will contaitiboth rhe {i 
are phy pen tnthegreatf A Nt As 


ke a erigh angles inthe m—_ FandG G, (oxvate a gh 
drofle all the hour-lines, and yer the ene bediſtanc 
other, as far as the plane will gi give e me leave; attd ME 
ſight of re, that if A B, the-fide of the lefler (qua 
ſhall be 36 inehes,-the line GF will be abour 11 5 inches, ; 
the line - © Gabow EINE and therefore Pre 
Api ch about 6.inches. below 
horizontal CRAB, and about io eye from tha 
—_— = woke 5 ay 
Becauſe theſe rwo-paralle] lines arc tangent lines, 
ſ pet of circles drawn ſeunkeiarnetens C ZE 
{ach rangent as belongans zothe arks ofthe plane, 
the ſubſtylar and r-lines, the proportion wi 


As the tangent of 45 gr. | 
rothe acof the ark of — 44 


Sothe 1 of the ſemidi 
to the length of the tangent- 


As for example, the ark of the hy between 
lar andthe hour of r, is 15 gr. 28. in the former T 
ſemidiamerer CF NR nng inches, and the | 
200 iochex; w herefore I extend the-compaſles 
mp tangent of 15 36 wo. 
from x5 lothe line © num 
which ſhews the tcngth of rhe rangent-line 1 
ſubſtylar and the hour-lineof-2, tobe forgo. cam, 0 
parts of 166, Again, the ſamecxeem will reach | 
to 27,67 ; and ſuchisthe length of Ne: 
rothe hour of r; ell 6 


1% 


The like reaſon holds for the 
from the ſubſtylar tothe reſt of the &; 
alſo for the height of the ſtyle above theſe rangent-ling 84 
hetgfr BK will be hs abore the phe bring 7 Ge 
1 Fo 6 , 
height G L 5 inches 42 ceve, Not et 2 AY" 


'Whet 
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Ee our pes wie 
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tn. 26913c2) dici as. Plato: . 29 


ich | Where thc Redder may obſerve,-rhar-if the extent fro 


cangent of 45 gr. tothe tangent of 40%, 6m; 'or ro 115 in 
aof numbers, be too ———_— compaſles, he rg 
ſetherangent of 5 gr- 437. inſtead of the tangent of 45 gr. 
=, Having found thefe: lengths arid heights, and ſer them 
down in a table, 1come to the plane here reſembled by the 
effer ſquare A'BD'E, where Fbegirt with art occult vertical 
FH, about 13 inches from the fide BD, and upon the center 
Fzbout 6inches below the fide A Bdeferibe an occult ark of 


mY thisark It inſcribe a chord of 38 gy. 23 m. the 
&f the fabfylar fromthe meridian, to make the an- 

g F6- equatto the angle Z © T ; forhe line F G ſhall be 
ſubſtyhc : and then another chord of 5t gr.37 mw. the cora- 


 þ plementofthis diftance, tomake up the right angle GFN ; (o 


he fine FN ſhall be the greater of the rwo tangens-lines be- 
ti Iſerofrs inches from FuntsG, toward the center, and 
—_ Gdraw the lefſer"tangent-line' G M, parallel tothe 


7 Theſe two occult ——_—— being thus drawn; 1 look 
intothe former table for the hour of r, and there find the ark 
of the <+ pare hp ae and-the emplem x, tobe 
15, 20'm, lenge toit inthe greater tan- 
tobe” 31 inches, k gy. the lefler ratgent»line 
27 inches, 67 cent, wherefore I take our; 1 inches $2 parts, and 
Gant Gown in the greater tangent from-P ©oN, and 
ben 27 inches 67 parts; andprick them down in the leflec 
Fi which if er —_— line MN = the hows 
t, it it were uced, would crofle the fublty 

A. pike C, an Mheve malterdie angle FCN ry gy. 

*s The like reaſon holderh for the drawing of allche ret 


CS he Ot ight over the fabſtylar, ſo as th 
| cr over tk OAasSnc 
i ray be 6 inches 53 reve andthe height'G L 5 in> 

the world, 


Er cexr. then ſhall K L pon the ati 
aditic wereproduced, would crofle the fubſtiylar BG inthe 


CEnter 


- OT — 


40 - The Deſcription of the Hanr-ljnes.” 


center.C, and there maketheangle FE. CK eo be 3'gr, 6; 
ſo be truly-placed for: caſting of  thadow open tek 


l 


lines inthis declining plane- wa 4, 
CHAP. VII. $7 
Te draw the Hour-lines 1n.a meridian inclining Plane, .... 


| Llthoſe planes: wherein the horizontal line isghe (ane 
with the meridian line, are therefore called | 

- planes: if they be right tothe horizan, they arecalle 
the general name of meridian planes, without farther addi 
ea, and arc deſcribed before : it chey lean to the horizonythey 
are then called meridian incliners., --- BF, 
iz0n, or 

f0- 


Theſe may inclinecither to the Eaſt part of the hor 
tothe Weſt, and each of them hath two faces, the- 
wards the Zenith , the lower towards the Nadir; w 
knowing the latitude of the place, andthe inclinatiogof 
plane tothe horizon, weare to confider : - ro 

x The inclination of the meridian of the plane, to the me- 
ridian of the "raps . "Br, 
2 The heightol the pole above the plane. . .._ -- ,*- 
3 Thediſtance of the ſubſtylar from the meridian-.. . 1. 
4 Thediſtauceof cach hour-line from the Cubliylas 36s 
And alltheſc four are repreſcated in the fundamentalDiz 
gram) as inthis example. - 75:98 
In our laticude of 5 1 £r. 30mm. a meridian plane inclineth. 
; Eaſtward 50 gr; theſe 50 gr, I number in the vertical circle 
from E unto G, according to the inclination of the plane, and 
there draw the ark SGN repreſenting the plane proof 

Again, 1 number 50 from Z untoK, ſo the point Kb . 
90 gr; from theplanc at G) ſhall be the pole of this plane,and 
the proper meridian of this plane may be ſupplicd by acuck 
drawn through Kand P, This meridian doth here fall be 
tween the hours of 4and 5, andcrofling the plancatrightit- 
glee inthe point V, inthe right line ſhall be the (ubuy- 

ar, and the angle P CV the height of the ſtyle borne n 

P 
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W 4 meridian Inclining plane. \ 4% 
ne, and right lines drawn fromthe center ©: tothe {ater- 
ns of the hour- circles with $SG.N ſhaltbe the hour-lines 
here inquired. The lower face' of the plane wiltcontain all 
the hour-lines from-Sun-riſing: unto 11 in che mortting, and 
per face the hours from from 9.in the morning unto 
| lg 1Þ . Then have Ta reQangle triangleP VN, where- 
che baſe P N'is the height of the pole above the North part 
of the borizon, and the angle P N V the.complement of the 
ination tO the horizon ; and theſe beipg known, 
wn find the angle NP V of inclination of the two 
meridians: For, © * © -— 
.-. *Asthe co-ſine of the latitude, 
is co the finc of go gr. | ve | 
+ Sothetangent of inclination to the horizon 
tothe tangent of inclinatiap of metidians. 


f Extend the compaſles from the fine of 38 gr. 30m, thecom- 
plement of the latitude, unto the ſine of go gr- the ſame extent 
will reach from the rangent of 50 gr.o w.the inclination of the 
to the horizon..uoto the tangent of 62 gr. 25 mw. and ſuch 
isthe inclination of the meridian of the plane to the meridian 
of the place ;- which being reſolved intoitime, doth give about 
boursand 10 wv, from the meridian, forthe place ot the fub- 
lar amongthe'hour- lines, | | auld cont 21ng ot | 
. ; The height of .the pole above the plane is here repreſcnt- 
ed bythe quantiry.of theark ot theproper meridna?P V , be- 
tween the pole and the plane, and may be known by.that 
Which we have given in the former triangle PV N, For, - 
-  Asthefineof gogr- 
." tothe lineof the Jatirude:  ,_ | 
-.. Sothe co-fine of the inclinationto che horizon, 
. toche fine of the height of the pole above the plane. 
Extend the compaſſes from the finc of go gr. um 51 gr. 
zow. thefine of the laticude, the ſame extent will reach from 
the fine of (ur the complement of the: inclination of the 
plane tothe: cinon, no the une 7; 30 Fr, 129, = 
' i p P c | q ' WW 4 r 
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rekerihtten CS iadowaf cneridienrr” 


othetangent of the latinude, 
—— uhe polrubovethepline, 


; ita the & of :90.,gr,. Un 
Nk Ek ade the place the ms 


ry B7.g7- 3:5 16+ 1d 
be T_T CY te 


untoth 
Okt F: heights of the 
heh isÞ heb EE 8 
_ "The diſtance of the ſubſtylar from che:meridian i; here 
repreſented by N V, the ark of the planc between theryy 


meridians, a char which we havegirens 
the firſt i inthe —_— VN, F vow; 
' As the fifie of 90 
'rothe ſine ofthe? baetiniormorhefiorfzons "= 


$0 therangent of the latitude 
| ho thetargpne of helublipha fromthe meridl, 


Emcniciorompaſts ateGrartbbGgoot go go gr. untothMts- 
O i. laditudge of place, rhe {ame em 
gearel vrgn 3 the ſtne of 50gr- che inclination: 
tothe hovizon, unto of 438% $3. IS 
the avk N Y, thediftance. the ous 


4+ The diſtancesof-ahe hom-lines rome Rik 

her alſo = 
re —_—_— 
hour-circles, a 
ven ES: 
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tr 4 10071 turkiticn Plane; 
epic andÞ'N the general moridian ; I 21 
lace being 63.gr- 5: the agle! 


50 Di 


CREE how 11 In, wlll be 
e os 
TEES and fo the reſt of 


the {ine of 90 ig | | - 
ber T 74 Gan 


CI rn A 


ono 0” | 
the ſine of 90 gr. unts the fine of \3o 
lp - of the pole abo e 
q 

line ot tangents, 45”, 
— tor the diſtance belo 
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2 Iathis line 1 make choice of a center at C, and thence 
deſcribe an occult ark of a circle repreſenting the plane pro- 


\ 3 Tfind acherdof 43 gr. 55. the diſtance of thef 
——_ meridian, an <7 inſcribe it into this circle from N 


A, according as I find x} >-mmant an; - 
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in 4 polar declining Plane, ' 


CHAP. IX, 
Todraw the Hour-lines in 4 polar declining plane. 


rm planes wherein a line may be drawn parallel tothe 
axis of the world, are called polar planes, becauſe that line 

inteth unto the poles. and theſe planes are alwayes parallel 
to ſome one of the hour-circles. If they be parallel ro the 
hour of 6,they are called direR pular planes ; if rothe hour of 
1hey are called meridian planes; and both theſe are deſcri- 
bed before : if to any other of the hour-c.rcles, they are then 
called by the name of polar declining planes, becauſe of their 
inclining tothe pole, and declining from the vertical, 

Theſc kind of planes may be known in this ſort ; Firſt, 
conſider the inclination of the plane to the horizon, which 
intheſe parts of the world muſt alwayes be Northward, and 
morethan the latitude of the place. Then find the dechna- 
tion wow the vertical, T heſe two being known; if the propor- 
tion hold, 


As the ſine of go gr. 
tothe co-ſine of the declination : 
So the tatgent of the declination, 
. ; tothetangent of the latitude : 
Itisthea a polar declining plane, otherwiſe not. 


For example, in our latitude of 51 gr. 30 w- a plane is pro- 
ed declining from the vertical 65 gr. 40 m9. and inclining 
bward 71 gr. 51 w. the upper face being open to the 
South-eaſt, and the lower to the North-weſt. It I number 
thoſe 65 gr. 49m. inthe horizon of the tundamental Diagram 
fromE untoQ, and draw the line H G Q, ir ſhall repreſenc 
the horizontal line of the plane ; then crofling it at right 
angles with the plane BZD drawn through the zenich, I 
nomber 41-gy- 5x m1. for the inclination from D unto R, and 
theredraw the circle H R Q, this circle ſo drawn {ball repre- 
ſent theplane propoſed ; and becauſe itallo palleth cough 
the 
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the pole, iris therefore a polar plane. But for farther triqjj 
extend the compaſſes from the fine of 90gr. to the fine of 
24 27. 20 mm. the complement of the declination, and I findqh, 
ſame exrenr toreach from the tangent of 7 gr. 51 mv, the jg, 
ciination propoſed, unto the rangent of 51 gr. 30 ws, which 
- the rrue latitnde of che place, and therefore it is a pate 
plane, 


Apgain,l number the inclination of 71 gr. 51», inthe circh 
BZD __ 


from Z unto M, ſo this point M, will fall at theme 
ing of BZD with the equator, and being go gr. from the 
plane at R, ic ſball be the pole of this plane, and acircledrayy 
chrongh M and P, will be the proper meridian of this 
This meridian M P here falling on the hour of 8, give 
M P Z,the angle of the inclination of meridians;to be q haur, 
or 60 degrees, then croſſing the plane at thepoiat P, irſhew; 
that the {ubſtylar ſhould bs CP, and be placed at the houref 
8. ButbccauſeP isthe pole, and C P theaxis of the ward, 
wherein all.che hour-circles do meet, and fo there wouldie 
no diſtintion between the axis, the (| lar and the how- 
lines. 1Inow ſuppoſe the plane in a parallel tothe circle HRQ 
according to the diſtance that I would have between the axis 
of the ſtyle and the ſubſtylar, then wlll the ſtyle be parallelto 
the plane, as appears in the fundamental Diagram. 
ere then the ſtyle will be parallel ro the plane, and the 
hour-lines parallel one to the other, as in the meridian and 
dire& polar planes, Yet that we may better know howto 
_ to hour-lines, and where to place the ſtyle, wearets 
coniuder- 


1 The ark of the plane between the horizon and the pete, 


«In a meridian plane, the ark between the horizon and the 
pole, which repreſents the ark berween the horizonaud the 

our-lines, is alwayes _ tothe latitude of the place; 484 
dire polar it is an ark of go gr ; in theſe declini 
ure than the latitude, and yer lefle than go. gr- s 

Te repreſented by P Q, and may be known by reſolyiogs* 
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f eof 0 Fr» 
-— -—-- = EY 
» Sothe ſine of the declination, 
to the co- fine of the ark between the horizon and the 


I compaſles from the fine of gogr. umnothe fine 
of 38 g7+ 39m. the complement of the latitude, the fame cx- 
tent will reach from the line of 65 gr. 49. the declination 

unto the fine of 34 gr. 2499. whoſe complement is 
$5.45 26 ws. the ark of the plane required berween the hori- 


20n and thepole. 


Or as the co-ſine of inclination to the horizon, 
to the line of go gr- 
© Satheco-tangent of the declination, 
© © tothetangent of the ark between the horizon and the 


pole, 
And ſo — the compaſſes from the ſine of 18 gr, 9 ». 
complement of the inclination tothe tangent of 29 gr. 
xw.the complement of the declination, the ſame extent 


) 


| doffreach from the ſine of go gr. untorhe tangent of 55 gr. 


6m, And ſuch is QP the ark of the plane betweenthe hori- 
zaand the pole, the meaſure of the angleQ CP berween the 
horizontal line and the ſabſtylar, 


>The inclination of the meridian of the plane to the nogridiag of the 


The (bſtylar in a dire polar plane is alwayes the ſame 
with the hour of 12 ; in a meridian plane ir is the ſame wich 
the hour-line of 6: in theſe declining polars ir mnſt be placed 
beeween 12 and 6, according to the inclination of the meri- 
dianof the plane to the tneridian of the place, which is here 

-by MP Z, the complement of theangleR PZ, 


and thus known. 


As the line of 96 gr. 
tothe fine of the latitude : 

Sothetangear of the declination of the plane, 
tothe tangent of the inclination of meridians, 


Extend 
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Extend the compaſles from the fine of 90 gr, tothe fineof 
51 gr. 30m, the latitude of the place, the ſame extent 
reach from the tangent of 65 gr. 40 m1, the declination 
ſed, unto the tangent of <o gr. and ſuch is the angle of incling. 
' tion b:tween the meridian of the place and the proper meri. 

dian of the plate, which reſolved into time doth make- four 
hours; and (o the ſubſtylar muſt here be placed upon the hour 
of 8 in the morning. 

This angle being known, the reſt of the angles atthe 
are caſily- gathered. For it the hour of 12 be 60 gr 
trom the meridian of the plane, the hour of 1 will bez, 
and the hour of 11 will be 45 gr- aiſtant, and the reſt of the 
hours, as in the table following, Thencoming to the plane, 

t 1 draw an occult horizontal line H Q, wherein I make 
choice of a center H, and d:\cribe an occult circle fortheho- 
rizon of the plane. ; 

2 I find achordot 55 gr. 26 m. and in(cribeit intothiscir- 
cle, from Q unto B, according t1 the ſituation of the plane; 
ſothe line H B ſhall be the meridian of the plane, andthers 


fore the ſubſtylar : aud the line A C croſſing ir at right angles 


ſhall be the cquator. 

3 Icc idec the length of the plane, and how many hours 
Iamto*iraw upon it, that ſo I may proportion the height of 
the ſty1e, and I find by the' fundamental Diagram andthe 
tormercable, thatit will contain all the haurs from Sug 
until it be paſt 1 after noon: and therefore the meridian: 
the plane falling on the hour of 8 in the morning, .there wil 

four hours on the one ſide, and five on the other (ide ofthe 
ſubſtylar. Bur in all polar planes, the height of the ſtyle 
bove the ſubſtylar muſt be cqual to the diftance of thethird 
hour from the ſubſtylar, or about 4 of the fourth hour,'orlit 
tle thore than © of the fifth hour, and thereupon. lallow the 
height of this ſtyle tobe equal to C B, which you may ſup 
poſe co be ten inches» | 

4 Becauſe the equator AC isatangent line, in reſpetot 
the Radius BC, and the parts thereot are (uch as G 
the angles between the meridian of the plane and the = 


_ n= 


[-H-- 3-2 


is 4 polar declining plaie. 


49 
fines, which angles arc {cr down in the table following, I may 


fnd the length of cach ſeveraltangent in this manner, 


* Asthe rangent of 4527. 
; jsrothe tangent of the hour : 
So the parrs of the Radius, | 
tothe parts oP the tangent-line, 


Theangle A B C between the meridian of the plane and 

| 1 2, the meridian of the place is 60 gr. 1n the for- 
mer table, and the Radivs BC is ſuppoſed: to be ten inches ; 
I extend the compaſles from the tatgent of 45 gr. 
unto the tangent of 60 gr, the ſame extent will reach from 10 
inthe line of numbers, uno 17. 32, which ſhews the length 
ofthe tangent AC, bereen the fubſlar andthe hour of ns, 
| 88 ro 
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in 4 diditing inclining Plane. Fr 
verein having the latitude of the place,with chedeclination 
od inclination of the plane, weare furtherto confider, 
{The ark of the meridian betweenthe pole and the plane, 
4 The inclination of rhe plane tothe meridian: 
; The ark-of the plane berweer' the horizon and the me- 


_— <5 gd 
4 Theangle of inclination between both meridians, 
5 Thehcight of the pole above the plane. 
5 The diſtance of the ſubſtylar from the meridian. 

7 Thediſtances of each hour-line from the ſubſtylar. 

Andall theſe ſeven may be repreſented in the fundamental 

] pH BS ENInges Te Ys 

In our latitude of 51 gr- 39 »», a plane is propoſed, declini 
fromthe vertical 24 £7. 20 and inclining ny 36 =, 
the upper face lying open to the, South-weſt, the lower tothe 

If I number theſe 24 gr. 20m. in the horizon 

{rom Eco By and there draw the line B C D, it ſhall repreſent 
xizontal line of the platie » then croffing it at right an- 
cheplane H Z Q_ drawn through-the Zenith, I num- 

26 py, for the inclinarion from Q uaro M, and there draw 
decitcle BMD, crofling the meridian inthe point «; this 
fd} (odrawn,! ſhall repreſent the plane propoſed ; and be- 
cauſe it.doth not paſſethrough the Pike therctore nopolar, 
| utan ordinary declining inclining plane, : 

t Theark of the meridian of 1 > between the pole 
and the plane, is here repreſented by Þ «, and may be found 
by reſolving the triangle I7.N @, wherein the- angleat N is 
known to be a right angle, the angleat D is the angle of in- 
(lination, the fide DN the complement of the declination, 
which being known, 121 | 


K As ſine | Rs WP pb 
' ft both . AC-« declination z 
.- & ent of1nclinationto the boxizon, 
tothe rangent of the ark of, the mexigianberween the 
gz -4;0932p and che plane, | 
" Entendthe compaſſes from the ſine of g&gr. unto the fine 
of 653r46 mw. the complement of the declination, the ſame 
Ggg 2 EXtcnte 
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30 mm, and [uch/is the 
ne pa eral oy pre 
isark N {p10 L with thc ar » Which 
_—_— of ha ole above the horizon, and is here ſuppoſed 
to be 51 gr.30 #s. the diftcrence N «cometh to 18gr, and ſuch 


one atk of the meridian required berween the pole andthe 
planc, 


2 The inclination of, the plane to the meridian is herere. | 


ſented by the angle N 4 D,and may be found by that whic 
we have eiven.in the former triangle, D N 4. For, "= 


Asthe ſincof gogr., "PTY 
ro the ſine of the declination from the vertical : 
So the fine of inclization to the horizon, '- 
aw co-{ine of inclinationof the plane to the teri 
n. © FIG 
Extend the compaſles from the ſine of go gr.untothe fined 
24 gr. 20 w. the declination of the plane, che ſame extent yill 
reach fromthe ſine ay er-the inclination given,unto the c0- 
ſine of 76 gr- Andſuch is ND, the angle of jinclination he- 
eween the plane D 4, and N «, the meridian of the place: Ot, 


As the fine of thearkot the meridian berwcea thi hori 
- zon and the | 
is tothe ſine of go gr. | 

So the co-tangent of the declination, 
ro =_ tangent of inclinationof the plane tothe meti- 
tan. 
Extendthe compaſſes from the ſine of 33 gr. 30m. theark 
of the meridian between the horizon and the plane, untothe 
fine of go gr- the ſame extent will reach from the tangent 

65 gr- 49m. the complement of the declination untothetan- 

gent of 67 gr. 'Andfuch is the iriclination of the planetothe 

meridian, theſame as before. | ” 

| 3 Thearkof the plane berween the horizon and the meti- 
dian, is here ented by D 4, and may-alſo befoandd) 
that which we hayegiven in the former triangle D Nu.) 


K 


a © 90 
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in a declining inclining Plane. 53 
As the co-ſine of inclination to the hotizon, 
is to the ſine of go pr, / 
Sothe co-tangent of the declination, | 
rothe tangent of the ark of the plane from the horizon 
ro the meridian. 


- Extend the compaſles from the fine of 54 gr. the comple- 
ment of the inclination of the planeto the horizon, unto the 
fine of 90 gre the ſame extent will reach from the rangent of 
6527-49 mw. the compiement of the declination, unto the tan- 
gent of 6g gr. 54 #9. And ſuch is D a theark of the plane bc- 
tween the forfzoa and the meridian of the place. 

4 The inclination of meridians is here repreſented by the 
angle «6 P. For having drawn the proper meridianbP&, or 
jet down a perpendicular Þ 6 from the pole unto the plane, 
| = comps ar ſhall be the meridian of the plar.e; and we 

have another triangle «6P, wherein the angle ath isa 
right angle, becauſe of the perpendicular, the angle ac & is the 
joclination of the plane to the meridian of the place, and the 
fideP «, is the ark of the meridian between the pole and the 
plane, which being known, 


.... As theco-ſine of the ark of the meridian between the 
/.-- polcandthe plane, 
is to the ſine of gO pr, 
$0 theco-tangent of the inclination of the plane to the 
meridian, 
-. to the tangent of inclination of the merigian of the 
plane, tothe meridian of the place, that is the angle ac 
- thepaleberween the ewo meridians, 


'\ Extend the compaſlſes from the fine of 72 gr. the comple- 
ment of the ark ÞP a, between the pole and the plane, unto the 
fine of go gr. the ſame extent will reach from the tangent of 
1497. thecomplement of the inclination of the plane ro the 
meridian, unto the tangent of 14 gr. 41.w- And ſuch is che 
angleaP b of inclioation between the meridian of the place, 
and the proper meridian of the plane, which reſolved into 
time, doth make about 5g minwres, and ſo the ſubſtylar muſt | 

here be placed neer the hour. of 1, after noon, ry 
| 5. The- 


54 The Deſcription of the Hour-lines 


The hcightof the e the plane is he 
ted by Pb, x aphr of . pi netidiag berwren the 


and the planc,and may be tound by that which we have giyen 
intherriangles6P. For, 


Asthe hon Rope. | hy. a 
ro the ſine of the ark of the meridian of theplacehe- 
rween the pole and the plane : = 16% 
Fo the ſine of inclination of the plane to the meri 


co the ſine of the height of the pole above the plane. iy 


Extend Me compaſſes from the ſine of. go gr- unto the ſige 
of 18 gr; the ark Þ «of the meridian ofthe place from they 
tothe plane, the ſame extent will reach from the ſine af þ,Þ 
the inclination of the plane to the meridian of the place, ung 
the ſine of 17 gr- 26 m. Or, 


Asthe fine of go gr. " Ao "$14 Vat 
rothe co-ſine of inclination of meridians; © 
So the rangent of the ark of the meridian of the placethe 
eween the pole and the plane, | os 334 

to the tangent of the height of the pole aboverheplite. 

Extend the compaſles from the fine of 90 gr. unto the fine 
of 75 gr. 19m, the complement of a P'b, the inclination of the 
two meridians, the ſame exrent will reach from the 
of 18 gr. theark P a of the gencral meridian berween the pole 
and the plane, unto the. tangent of 17 gr. 26 w. And (uchis 
P 4 the heighrof the pole above the plane ; and fuchmuſthe 
the heightof the ſtyle above the ſubſtylar.” ects” 

6 This diſtance of the ſubſtylar from'the metidian of the 
place, is here repreſented by «6,the ark of the plane between 
the two meridians, and may be found by that which we had 
given at the firſt in the former triangle « 6 P. For, | 


As the ſine of go gr. - 04 
t the co-fine of the inclinatſon of the plane ro the mi 
tidian : | ; 

. Sq the tangent of the ark of the meridian of the placebe- 

'  tweenthe pole and the plane, oh 


unco the tangent of the ſubſtylar from the meridiat 
the place. F ol — Extend 


ms Ac a #wid{. vm. = 


in adeclining inclining plane. 55 
Extend the compaſſes from the line [Latirude © 51 30; 
bf go. g7- unto the {inc of 14 gr. the 'Declinat. 24 20 
way nentof b64P, the inclivation of !Jaclin, N, 36.0 
the p ne to the meridian, the ſame eXx- | Alt. merit. 6g 54 
ent will reach from rhe rangeneof 28. DifEmeid,24 41 
the ark of the general meridian |[Aajr. Sty): 17 26 
been the pole and rhe plane, unto - Diſt (ubſt, 4 3c 
the tangent of 427. 309m, And ſich is FTI ET. 
the atk of the plane between rhe two | $ oa ron 1 

meridians 4, and Tuch muſt-be the qi- | _|25: M- Gr. 
{ace from the honr of 120 the ſub- 7 %g 41/88 57 
flat, ! 1/4 41 35 
> The diſtances of the hour-lines ' |- $159 43 be g 
the ſubſtylar, are here alſo repre- T0] 14 41416 31, 
ſeated by thoſe arks of theplane, which [2'Jzg 415 41 
art intercepted between the PEOper me- -[1:]14*2}.4. 130 
*4;an and the hour: circles. For in theſe MerigetſubRyl. 
Wn, , = angle at' & petepycn, he ot ©"19\0 | 6 

and the proper macridian,is atight [15 194 

Etrche fide Pb is Hg = of the 3130 19 pn - 
above theplane,andthenghe-angles | 4/45 19/6 (5: 
pale. between the proper meridian | 5/60. 19] 7 45 
--—=—__ | 675 19488 51 
on Lf" = _ 


Asthefineo 


| f 90 gy. —z 
© the ſine of the height of the pole above the plarks (# 
[.Sothe tangent of the angic ay rhe pole, —. 

tothe tangent of the hour-J1ine from the [ubltylar, + . 
. Extend the compaſles from the fine of go gr. unto. the fine 
of 17 gr 26 w. the height of the pole above the plane, the Came 
extent willreach from the tangent of 14 gr. 41 m». the angle ar 
the pole belonging tothe hour of 1 2, uato the tangear ot 4 gr. 
30, Jor the ark of the plane between the {ubſtylar and the 
hour” of 12 ; aud from the tangent of 29 gr. 41 m. unto the 
tangent of 9 g7+ 41 =», for the hour of 11, and ſ{oforthe reſt of 


arks of the plane betwcea the ſubſtylar and the hour-1i 
a5iathe former table, , r-110Cs, 
Theſe 


a, "_—_ 
—— 
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Theſe arks being thus tound, will ſerve for the drawi of 
the hour-lines on cither fide of the plane : bur ſuppoling 86 
bc the fide, I confider how the lines do tall in the tundz+ 
mental Diagram,and accordingly. : | 


1 1draw an occult horizontal line D D, wherein 1 make 
choice of the center C, and thence draw an occult circlefor 
the horizon of the plane. | 

2 I find achord of 69 gr. 54s. the ark of theplane be [| 
rween the horizon and the meridian, and deſcribe into this | - 
circle from D unto «and there draw the line C « for thehour 


of 12. 
3 I find a chord of 4 gr. 30m. the ark of the plane be- 
eween the two. meridiaus , and inſcribe it into t circle 


. 'S = 


#n a declining tnclining plane. 57 
for 4untob, and there draw the line C b for the (ubſtylar, 
no he ſubliylar being drawn, 1 may inſcribe the chords 
ofthe arks of the _ from the ſubſtylar,and drayy the hour- 
lines, and ſet up-the ſtyle, as inthe former plane. 


oo 1 example of a plane falling between the pole and the 
ennb, 


Inlike manner, if-in our Jaticude a plane be propoſed decli- 
Sagirom the vertical 24 gr. 20 wv. o—_— _ inclining to 
the horizon 75 gr. 40 m, Nethward che upper face being 8 open 
tothe South- weſt, the lower to the North-caſt, this plane ſhall 
behere repreſented by the circle BFD, crofling the meridian 

iathe point d, between the - and the zenith, and the proper 
nerid an of this plane, by t ndicular ark Þ e. 


Then in this lance DÞ 4 know- |] atirude 5x - 
0 


the fide DN, the complement of "at. 
eclnain with the angle of incli- Inclinar = b 
mation to the horizon at D, and the 
1 at N, theſe former Canons AltMerid- $83 36) 
ve N d, the ark of the meridian |Dift- Mer. 25 17) 
—_ the horizon and the plane ro Diſt. ſubſt. g 32 
aft 20; and therefore p D, þ wig. Alt. Styl. 20 50 
he meridia between the pole \- Ph 
ane Da of will be 22 gr. _— FREE 
aha of the inclination of the 

he meridian, will befound to | 835 17976 56 
—_— and Da the ark of the | 970 17144 47 
n the horizon and the me- [1055 1717 2 
= gre 36 mw, PA 1140 17116 43 
in,in the triangle P ed, cnowing |1225 17] 9 32 
he (de d, the ark o the meridian be- 110 7] 9 4 
tween «ba pole andthe plane, with the | |Aerid, [Subſty1. 
of inclination to the meridian | 2] 4 43] 1 40 
x< andthe right avgle ate, the angle | 319 47] 7 16 
«Pe, of of the jnchuation of the two me- | 434 43|t3 5o 
tidians will be found to be 25 gr. 17 wm» | 5149 43]12 46 
andP ethe height of the pole: vethe | 664 43]i7 © 
to be 20 gr, 50.9, arid Go 7:79 43162 5 


ance of the { from the meridian aboat | 
Laſtly havieg found che heighc of che pole ab hepa 
and gat ed chic angtes.ar che pole, the arks of the plane f _ 
the (ubſtylar roche lines will be as ia therable TT 
This done, .if we conlider how the lines do fall inthe fy 
damental Diagram, we may there ſee how the North 9 I Fl 
elevated above the lower face, and che South pole ah = 
r tace of the plac. and accordingly make chaice _ _ 
draw the hocizaoglathe mexidian.che ſubſtylarand the yoary 
lines, and ſer up the (tyle, as inthe other planes, Tr 


A third example of a plant inclining to the Sonthward 


If in our latitude a plane were propoſed, declini 
vertical 24 gr. 20 ms as before, wopmemdrangane bo, = 
Ten meg = 14 £1.29 w. Southward, they hae 
Deciiat, "44.4 veingeuen to the North-caſft, c ho 
incline, 44's to the South-weſt, this plane ſhall be 
er n= II there repreſented by the circle BKD 
CJ xt oe | croflingthe meridian in the point f bt» 
+ oe > roi : —_ the equator and the 20n 
Alt. Styl. 64 of andthe proper meridian of this ne 
ED y the perpendicular ark P g, let down 
I, 20g. Po, Ar, Pla, from the pole to the plane , neer the 
*_ Gr. M. Gr. M- hour of 11, at the North art of the 
G76 3 "TS horizon, as may partly appear bythe 
61 3158 = nerreſt extent of the compaſſes, if the 
bis - 33143" bo circle BK D were drawn round, and 
Nor 4 e- the two letters f and 9 ſupplied : 
ro16 33114 58 Then in the triangle BS f, knowi 
wria: o thedade BS the complement of wo 

Merid, (ubtiyl clivation, with che angle of inclination 
(72/r3 271t2 $ R—_ ar'B, atthe cight angle 
128 275" 57] rid we may find Sf the atk of theme 

243 n-/ao 22 idian berween the horizon and the 
'3l58 - 27155 38 ne, tober;gr.6m, Andt 
f, the ark of the meridian between 


473 27171 4& 
5188 2782 * the pole and the plane: to the'South- 


C—————_—_ 
_—_—_— 
| < 


Ward, 115'gr, 24m, but 64 gr, 36 + 
the 
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orthward, the angle BfS, or DfN of theinclioati 
hee plane to the meridian, will be tound 94 gr. 9m ; and 
Bf the ark of the plane between the horizon and the- meri- 
djan 66 gr-20m. : 

Again, in the triangle Þ g f, knowing the fide Pf theark 
of the meridian between the pale and the plane, with the an- 
| of inclination to the meridian at f, and the right angle ac 

eangle fÞ g of the inclination of the two meridians will 
be found to be 13 gr. 27 ms. and Pg the height of the pole above 
the plane, about 64gr, and fg the diſtance of the ſubſtylar 
from the meridian 12 gr. $ w- 
Having found the ficighr of the pole above the plane, and 
athered the angles at the pole, the arks of the plane from the 
lar to the hour-lincs will be found, as in the cable. 
is done, if we conſider how the lines do fall in the fun- 
damental Diagram, we may there ſee how the North pole is 
+ elevated above he upper face, and the _ above the 
lyer face of this plane, and accordingly make choic of the 
qnter, draw the horizontal, the meridian, the ſubſtylar, and 
hour-lines, and ſet up the ſtyle, as in the former planes. 


es 
be ——— 
- 


CHAP. XI. 


Tvdoforibe rhe Troptcks and other circles of declination in an equi- 
ite plane, 


Quihda aSare paralle] to the equinoRial, and yet fall 
within the Tropicks, may be deſcribed on any plane by 
help of theſe lines of proportion, but after a difterent man- 
ner; according asthe ſtyle ſhall be eter perpendicular or pa- 
talle] cothe plane, or cut the plane with oblique angles. 
laanequinoQial plane, where the ſtyle {s perpendicular ro 
the plane, the Tropicks- arid'ather circles of declination will 
be cireles : whercfore conſider the tengrh of the ſtyle 
ininches'anc parts,'arid che declination 'of thecircle, which 
FR end to deſcribe in degrees and minutes,the proportion 


Hhh 2 As 
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S As thetangent of. $ gr 
to the length of the ile: 


Go the pent of the parallcl, 
tothe ſemiciameter of his circle. _ | 
' Suppoſe the length 'of the ſtyle above the plane to be ten 
inches. and that were _— ro find the ſemidiameter 
of rtherropick, whoſe declination is known to be 23 gr. ;om, 
extend the compaſſes from the rangent of 45 gr. unto the 
rangent of 66 gr, 30m, the ſame extent will reach inthe ine 


A 


of numbers from 10 unto 23, which ſhews the ſemidiame- 
ter of the tropick to be 23 inches. So if the declination be 
30 gr, the ſcmidiameter will be 27 inches 47 cet ; if 15 g7+ 
then 37.32; if z0gr-then 56,72; it 5 gr. then 114.305, and {0 
iathereſt. | | 
Orit ir were required to proportion the ſtyle to the plant, 


4 
 __ _+'  O_> £@_. 


qQ += CO a ea a 


cs a wm, ww ola Xa ww@ 


and cireles of declination. 


the tangent of 45 gr.. 
= s is nt of the declination, 


$ the ſemidiameter of the plane, 
tothe length ol the ſtyle. 


'" Ag if the ſemidiameter of the greateſt paralle] upon the 
plane were bur ſix inches, and that parallel ſhoulJ be the fitth 
ree of declination : exrend the compaſſrs from th: tan- 
rof 45 gr. unto the tangent of 5 gr, the ſame exteat will 
h in the line of numbers trom 6.counto abour o,; 3,which 
hews that the length of the ſtyle muſt be 53 parts of an inch 
kyided into 100 ; then the lengrh of the ſtyle being known, 
the (emidiameter of the other circles will be tonnd as before. 
[begin here with the fitth parallel, and thence proceed un- 
the tropick, becauſe the ſhadow ot the reſ? neer the equino- 
al, would be over-long, and the equinoCtial ir (clt cannor 
"tedeſcribed. The parallels ot North declination are to be (cc 
the North face, and the parallels of South declination on 
h face ot-the plane. Neither need theſe parallels to 
edrawn in full circles, but oncly to the horizontal line, 
which ſhall be deſcribed in Cap.xviij. 
Having by theſe means ſet up the ſtyle to his true height, 
drawn the circles of declination, if we ſhall place the 
ſo as it ſhall make an angle with the horizon equal to 
complement of the latitude, and then turnit untit the rop 
oftheſtyle caſt the ſhadow apon the parallel of declination 
longing to the time, the meridian of che plane will ſhew the 
idian of the place, and the ſhadow of the ſtyle, the hour 
ofthe day, without the help of a magucrical needle. 


CHAP. XII. 


Th deſcribe the Tropick and other circles of deilination'in + 
@ polar Plane, 


Nall polar planes, whether they be parallel to the meridi- 
an, or tothe circles of the hour of 6, or otherwiſe declining, + 
the 
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the equinuoRial. will bea rigbt line, but the tropicks and 
circles of declination will be {e&ions hyperbolical, _ 
thus deſcribed. 

Conſider the length of the ſtyle, the declination of the 


. parallel, and the angle at the pole between the (ubſtylar 


—_ 


. and the hour-line, whercon you mean to deſcribe the pa- 


rallel. 
It you would find where the parallels docroſſe the ſu. 


ſtylar; 
As the tangent of 45 gr- 
ro the tangent of declination : 
So is the length of the ſtyle, 
to the diſtance of the parallel from the equinoQial; 


py — 
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Or ue rt oo——_— 


As inthe example of the polar plane, where the of 
the ſtyle B C was found to be one inch, 61 cexe. If "u 
to know the diſtance between the equinoQial and the tropick 
upon the ſubſty]ar line, extend the compaſſes from thetan- 
gent of 45 gr. unto the tangent of 23 gr. 30m. the ſameentet 
will reach in the line of numbers from 1.61 unto 0.70; 2 
therefore the diſtance required is 70 parts of an inch di 
into 100. The like reaſon holdeth for all other parallels of 


declination crofling the ſubſtylar. 


other of the hour-lines, firſt find the diſtance between the 


But it you would find where the parallels do croſſe 
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| oftheſtyle and the hour-Jine, then the diſtance between the 
- | equinoRtial andthe parallel, both theſe may be repreſenced in 
this Manner» : 
| On the center B, and any (cmidiameter BD deſcribe an 
occult ark of a circle, and therein inſcribe a chord of 23 g-. : 
ow. from-D unto T, wich ſuch 
other intermediate declinaticons 
you intend to deſcribe on the 
plane, ſo the line BD ſhall be 
the equator , and B T the tro- 
pick, and the other intermediatc 
lines, the lines of declination. 

That done, conſider your 
pane, which for example may 

either the meridian, or the de- 
lang polar planc, whercin ha- 
og drawn both the equator,and 
thehour-lines as betore, firſt take 
at the height of the ityle, and 
prick that down inthis equator 
tom Buuto C ; then take our all 
the diſtances between B, the rop 
dhe ſtyle,and the ſcveral points 
wherein the hour-lines do crofſe 
Ty guano transfer them into 
thisequaror BD from the center 
B, andat the terms of thelſe di- 
ſtances erect lines perpendicular / / 
tothe equator, crofling the lines 
afdeclination, and aote them with the number of the hour 
trom whence they were taken : ſotheſe perpendiculars ſhall 
\ | repreſeac thoſe hour-lines, and rhe (everal diſtances between 
| | the equator and the lines of declination, ſhall give the like 
| | 4iſtancesbetween the equator, and the parallels of declination 
upog your plane. Upoa thir ground it tolloweth, 


The Deſcription of the Tropiche 
To find the diſtance between the axis and the bour- lines, 
As the co-ſine of the hour from the fubſtylar, 


EZ 
A 


isro the ſine of go gr. 
So the length of the ſtyle, 
to the diſtance between the axis and the hour-line, 
V C5 vn Suns ————_ —- 
=D —r 
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As if inthe former example of the meridian-plane, where 
BC the height of the ſtyle is —_— to be ten inches, it 
wererequired to find the diſtance between B to the top of the 
ſtylkc, and the point wherein the hour of x 1 in the morning 
doth crofſe the equator, which is here repreſented by By, be- 
cauſe it is the fifrh hour from the ſubſtylar, whoſe angle atthe 


pole is 75 gr- Extend the compaſles from the ſine of 1 5g os 


complement of the fifth hour trom the ſubſtylar, unto 


— —_ Aw a PO n——o—_—y — 
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of go gy+ the ſame exrent will reach from 10, oo. in the line of 
ambers, unto 3s. 64: and therefore the diſtance B 5, berween 
the axis and the hour-line,. is 38 inches, affd 64 cext- and ma 
te called the ſecant of the houe. Then inthe ——_ BT) 
having the fide B 5, and the angle of declination at B. 


T4 find the diff ance between the equinottial and the parallel, 


Asthe rangent of 45 gre 

, tothe tangent of the declination, 
So the diſtance between the axis,and the hour-line, 
Lb diſtance berween the equinoRtial and the pa- 


Extend the compaſſes from the Tangent of 45 gr. unto the 
Tangent oF 2 7 gr, 30 w. the declination of the Tropique, ſo the 
ſameexecnt will reach inthe line of numbers from 38.64. the 
lifance between the axis and the fifth hour-line unto 16.80 
1ndtherefore the diſtance is 16 inches, and $o cexe, The like 
maſon holdeth for all the reſt, which way be gathered,and(ct 
bwain ſuch a Table asthis which followerh; 


Whercin I have ſer downthe diftances for ſcveral declinati- 


ongfor 1x gr- 30-9, for 16 gr,gxs m.fdt 20g. 12 mr. for 21 gr,q1 
he Tropique 33 p 430%. Which 


meridian and 


A inthe former example of thepolar plane, where B C 
the heiglirof the ſtyle isfound to be T inch '161 cont. it it were 
= the diſtance between B- the top of the ſtyle, 

the points wherein the hour-lines of [ in the morning, 

or 5 atternoon, do crol[s the xquator (which diſtances, I called 
the ſecants of thoſe hours, ).cither you may extend the com- 
210 m the ſine of 15.97, the complements of the: hour 
umothe the fine of go gr.fo the fame extent 

wil reach in he! live of numbers from 1. 6r,the ag of 
&, unto-6.21, according to the former Canon. Or elſe 

you may make uſc of the former Table, extendingthe com- 
pallesin the line of numbers tron 10.60 the length of the ſtyle 


I il in 


in the Tablc, unto 1-61, 
yaur plane, ſo the ſame exrent 
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the lengrh of the ye belonging to 
ſhall reach from 38.64, the 


[FAo.r0| rang: 
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The Tangents and 
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to the deg 
ſecond:column of this table. i 
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rees'and minutes that areinthe 
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Fecant in the table, unto 1.61, and ſuch is your ſecant requi- 
red, the diſtance berween the top of the ſtyle, and the point of 
iacerleRtion, wherein the fifth hour-line from the ſubſtylar 
- dothcrofle the equaror, 

Again, the ſame extent will reach from 16. $0, the diſtance 
in the cable belonging tothe fiſth hour-linc between the equa» 
tor and the parallel of 13 gr. 0.30 mw. declination, unto 270 for 
the like diſtance upon your plane, and (o tor the reſt, which 
way be gathered, and ſet down in a table. | 

That done, and the c- 
quator drawn as before, it \''; \An.po T an (Secan./Trop. 
you m_ anon OS 2 Gr.M. Io.Pa [[n.Pa [[n.Pa. 

in the polar plane, | — --. 
ry into the table, and [22 oy ai ol - 4 
take 70 cent, out of the line | _ ; . bing 43] g- l [ou 
of inches, and prick them 5 Þ of 9 4 
down in the (ubſiylar, on 4 3199 i nw. HG. 
either ſide of the equator, | 4 Xþr ow * 
wdſo 72 cent, on the firſt LLEN-..22. 2-25 _3 
hour, and 8o on the ſecond 
hour, and 2 inches 70 cer. ro the fifth hour from the ſubſty. 
kr,and the reſt of theſe diſtances og their ſeveral hour:- lines, 
andthen draw a crooked line chroogh all theſe points, ſo as it 
makes no angles, the line ſo drawn ſhall be the tropick requi- 
red. 1n like manner youu may drawany other patallcl of de- 
on, \\ 
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CHAP. X11% TY, \\ 
To deſeribe the tropicks, and other tircles of declination, in ſuch 
#plane af he vietther equmottigl, tbr polar, © 


PHO" OC INT: ” / » { ©. © ' I a ad > 
N planes neither <quinoGial nor polar,'the cquator will be 
a bir line, the tropicks and other parallels of declination 
willbe conical ſeftions, ſorne of them patabolicah fore cli- 


Plical, but the moſt of them hyperbolical, 


11 2 Tg 


Thedeſeripiion of the Tropiques 
To find the points of interſe&ion .of theſe parallels wi 
the hour lines, weare to.con{ider, firſt the length of au 6 
the ſtyle in inches, and;part of inches; ( y-the height of 
the ſtyle above the plane; thirdly, the angles at the pole be. 

tween the praper Meridian and the hauc-circles. Theſe bei 
known, will bclp us cofind farſtche angle between the axican! 
the hour-liaes onthe plane;and then the diſtance between the 
center,and the parallels: both theſe may be repreſcared inthis 
manner, 


Vi 
\ 


Letthe triangle A. BD be'made equal to the [ty belong- 
mg yourvlane, A C the Cabltilar, 3 C rhe A Þ of ch6 ik, 
A Brhe length of the ſtyle perpendicular to the.plane. , 18cn 
havingdrawn the line BD perpendcalar to the axioor 
center B, and any ſemiademeter B D;defctibe an occult 
a circle, audrherein jinfcribe-a chord of 23 gr/z0 fron © 


ay  &&: 7 I T0 CO, SOFITEL as 


*,- it + = 
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"to 7,0 eſther fide of the line, wich ſuch other intermedi- 
ne declinations as you intend to deſcribe on the plane, (othe 
perpendicular B D ſhall be the xquator,and B T the tropiques, 
2nd the cther intermediate lines, theparallels of declination. 
Wherefore you may take our the diſrance C YV from the cen- 
ter to the 2quator, and prick it down on the ſubſtylar of 
your plane from the center at Cunto”, lothe line drawn 
throvgh V perpendicular to yourſubſtylar, ſhall be the xqua- 
wr of your planc. 

That done, take the diſtance of each hour-line between the 
center,and the zquator of your plane,and prick them down in 
the equator of this figure, from the center at C, noting the 

e, where they croſs the equator, with the number be- 
ing to the hour, and drawing the hour-lines from C; 
the lines of declination. 

Orhaving the Seer, you may draw an occult line C E, 
perpendicularto the axis B C,and therein prick downthe tan- 

tof the height of the ſtyle above the plane from C unto B, + 
draw the line E F parallel to the axis, croffing the (ub- 
fylar produced in the point F, this line EF will be the line of 
fines upon the SeFor, and thercin yon may prick down the 
{nesof the complement of the angles at the from E to- 
wad F, and draw the hour-lines by choſe potnts through the 
lines of declination, fo the anglesat C, between the axis B'G 
and thoſe hour-lines, ſhall be angles berween the axis of your 
Ryle, and the hour-lines in your plane, andthe (everal]l di- 
ſtanecs between the point C, and the lines of declinatian, ſhall 
gin ou the like diſtances berween the center, andthe paral- 
ls of declination upon the hour-lines in your plane. HMpen 
this ground it followeth, 


1 To proportion the ſtyle unto the plane, 


.. Conſider che hight of the ſtyle.above the plane, ,and the 
of the ylar beaween the center and the place 
Khyou intend for the Tropique; It it be the Trapique 
wah fartheſt fromthe cearar, addc Lragr 309m. if the 
neerer Tropique, adde 66 yr. 30.w- tint the.hctght of the 
&yle, the remainder unto 180 gr. ſhall give you the —_ 
'Y 
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70 
above the planc, when he cometh to that tro- 


of the Sun 
pick. As 10 our latitude the h 


rizontal planc Is 51 $7+ 49 Mr ad 
jk mmec 1S 165 re 


eight ot the ityle above an ho- 
g unto this 113 gr, ,0m, the 


which bcing taken out Ol 1b0 gr, the re> 


\n 


5 MW 
and ſuch is the altitude of the un 


mainder will be 15 gr, 
bove this plane when he cometh to be in the winter 

but if you add 66 gr- 30 w. unto 51 g7- 30. the remainder! 
120 ov. willbe 62 g&r- And ſuch is the altitude of cheSun if 


the Sunamer tropick» Then, 


| 


As 


and circles of Declination, 


Asthe ſine of 66 gr: 30 mn. 
ro the ſine of the ſuns altitude : 

G the length of the ſubſtylar line, 
tothe length of the axis of rhe ſtil-. 


As inthe firſt exama3les of the declining verticall, where 
te height of the ſtyle was found to be 34 gr- 23 wwnrand is here 
repreſeated before paz, 32, by the angle BC S; adi torhis 
height 113 gyz 20 ms. for the angle CBS, tne ſum will be 148 
p:3 and the remainder to 10 gr. will be 31 g*. 57 m. and 
ach is theangle BS C of the altitude of the Sun above tlic 

ne, wae1 he cometh to be in the rropique of &, which is 
here the fartheſt rropique from the center. 

Then ſuppoſing the length of the (ubſtylar line between the 
center and the place which is fir for the fartheſt rropique to 
he hout 21 inches, extend rhe compaſles trom the fine of *s « 

.50m.unto the ſine of 21 gr. 57. the ſame extent will reac| 
athe line of numbers from 21 unto 12.11, and fo the length 
o the axis of the ſtyle ſhoulg be 1 2 inch: 11 cent : Or it may 
ſuffice ro make it j aſt 12 inches, as a more caſte ground for 
the reſt of the work, 

But if ic were required to proportion the ſlyle unto the 
lane, ſo as it may caſt the ſhadow to the full length of the: 
taiylar line ar all times of the year, you may then conlider 
the (un in the tropique, which is to be ſet neareſt unto the 
center, and add 66 gr. 30 m,unto 34 gr. 23 m-{0 the remainder 
uato 180 gr. will be 78 gr.57 w. And if yon extend the com- 
paſſes from the ſine of 66 gr. zo. unto the lane pt 78 gr: 57 w. 
the ſame extent will reac h in the line of numbers from 21 un- 
ts 22.47 for the length of the axis of the ſtyle. 


: Having the length of the axis, and thy height of the ſtyle above the 
Pane, ro find the length of the fidzi of the ſtyle. 


The ſtyle of a plane ncither xquinoCiall nor polar, may be 
cither a {mall rod ot iron (et parallel to the axis of the world, 
or perpendicular to the plane, or elſe a thin plate of iron or 
braſs: made in form of a fteftangle triangle B 4.C with the 
lake BC parallelio the axis of be world, the fide 4 B per-+ 


peri- 
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dicular to the plane, and the {ide A C the ſame with the 
Tal ty lar lac wherein knowing B C and the angle BAC, 


As the ſine of go gr, : 
ro the length of the avis : 
So the ſive otthe height of the ſtyle, 
ro the length of the -96 nr 7p fide: 
And (o the cofine of the begs of the ſtyle, 
rothe length of the ſubſtylar ſide. 


Thus in the former example, the length of the axis bring 
{uppoſed.to be 12 inches, and the height of the ſtyle 34 gr 33 
m. Extend the compaſles from the fine of 90 gr ( or ellefrom 
the ſine of 5 gr.45 m1.) unto 12 inthe line of nunabers,the ſame 
extent will reach from the fine of 34 gr. 33 m. unto 6.80 inthe 
tinc of numbers,for the length of rhe prrgraioner fide, and 
from the ſine of 55 gr- 27 m, unto g. 88. tor the lengrh of the 
({ubſtylar fide. 


3 To findthe diſtance beween the cemter and the 4quator upon the 
ſubſtylar line, 


This is here repreſented by C, V, and may be found by re- 
ſolving thereQangle triangle C BY. 
As the ftne of the h:ight of the ſtyle, 
is the ſine of go gr, 
So the length of the axis, 
ro the diſtance of the zquator from the ceater. 


Extendthe compaſſes from the fine of 55 gr. 27 m. untothe 
ſine of 9 gy, the ſame extent will reach in the line of numbers 
trom 12 unto 14, 17, Wherefore if you take 14 inch. 57 c#: 
and  pricking them down on your {ubſtylar line from C unto 
Y, drawa line thpough Y, crofling the ſubſtylar at righta- 
gles, the line ſo drawn ſhall be the zquator. 


4 To findthe angles contained between the equator and the bowr- 
lines ,upon your plane, 
Theſe angles made by V and the hour-lines, are comple» 
mentsof thoſe which are at C, between B C the axis andrhole 


(evcral hour-lines, and depend upon the angles at the pots 
þerween 


-oOOT=n <= = 
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andcireles of Declination, 73 
lerween the proper meridiian and the hour-circles. 
As the fine of ge gy. to co-finethe angle at the pole: 


” Sothecotangent of the height of the ſtyle, ( hour- line 
tothe tangent of the angle between the xquator and the 


' Inour example,the height 0f che ſtyle is 34 gr.3 2 w.and the 
proper meridian falleth to be the ſame with the circle of the 
cond hour after noon, whereupon the angle at the pole, he- 
tween this proper meridian,and the circles of the hour of 1 on 
the one {1de, and 3 on the ather fide, will be 15 gr. ſobe- 
tween this meridian and the hour-circlcs of 1o and 4+ the 
agle will be 30 gr. &c.as in the Table. 


[ER ArePlAnEquC X,CE, Cu 
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arene-will. reach from the —_ of 55 gr. 27 mw, the com- 
e, unto the rangent of 51. gr- 


the angle at the pole to be 75 gr: and it you extend the 
<mpaſſes from the ſine of go gr.unto the rangent of 55 gr. 27 
min, the ſame extent will reach from the fine of 15 gr, the 
ment of 75 gr. untothe tangenc of 29 gr. 26m & ſuch is 
thkeangleC gB,made at the equator becween the lineB 9,drawn 
m the top of the ſtyle, and the hour-line C 9,drawn from 
thecenter. The like rcaſon holder for the reſt, which =y 
e 


T4' The deſcription of the Tropiques 

be found andſet down in a table: ther may you either draw 
theſe angles at C inthe tormer figure more perfeRly, ang 
thence finiſh your work,or elſe proceed, 


5 Tofind the tance birwern the center and the paratlel1'f decli. 


#4! 10n. 


The diſtances between the center and the parallels, of 4+ 
clination, may be found by refolving the triangles madeby 
the axis BC, the lines of declination, and che hour-lines, 
having the angles at the zquator, atd knowing the decliug. 
tion of the patallel, if the poradet ſhall fall berween che 2guy» 
ror and the center, add the declination nnto the atigle ar 4 
Xquator : or it it ſhall fall without the xquatorz rake the ge. 
clination out of the angle at the zquator,{o ſhall you have the 
angle at the parallel. 1 hen, 


As the fine of the angleat the parallel, 
to the coſine ot the Declination : 
So the length of the axis of the ſtylc, 
tothe di between the center and the parallel. 


Thus in our exarnple, the angle at thezquator belanging 
to the hour of 4 afterno5n, was found before to he 51 gr. 
m. if you would finde the diſtance berween the comer undide 
zquater, extend the compaſſes from the fine of 51 gr. 30 
unto the ſine of go gr. the complement of the declination, the 
{aine erent will reach in the line of numbers,: from 12 unto 
5. 33» and ſuch is thediſtance apoa the hour»line of «4, b+- 
tweenrthe cemer and the _—_ 


If you would find the diftanc this hour-line, b& 


tween the center and the innep tropique, whoſe declinarion 
is known to be 23 gy. 30 m. adde the declination to the aoght 
at the zquator, ſo the angk at the parallel will be 95 Fr: 
xe extend the c from the ſine 9; gy- unto 
fine of 66 gr.30 ».the comp of the declination, the ſame 
extent will reach inthe linc of numbers, from 1 2,umo 11.4%: 
and ſuch is the Jengeh of the hour-liae of 4 berween thecen- 
ter and the tropſque of w. 


It you would find the diſtance upon this hour- line dwween 


this 


a co - —_r _ ws. Gie on i. m__. 
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and the ctrdles of Decltmation. T5 
his center andthe rropiqueof S, which is here the fartheſt 
or, cake the declination our of the angle at the 
equator, (o the le ar the parallel will be 28 gr  Thcncboge 
. extend the com from the {inc of 28 unto the line of 66 
z0w, the ſame extent will reach inthe line of numbers, 
ho 13 unto 23.44.and (uch is the diſtance between the center 
od .cropique of Þ upon this hour-line of 4. The like reaſon 
ry all the i, which may be gathered and (fer down 
ia 
I donezand the tor drawn as before, if you would 
_—— of &, took into the table, and there finding 
S the diſtance of the ſubſtylar berween the 
Eo nddeparaliel of S to be 20 inch. 80 cemr-take 20 inch. 
$0 co#r. our of the line of inches, and prick thera down inthe 
ſubſtylar of your plane from C uato 
Orifeither che cemter fall withour you plane, or the ex- 
ponene t non, ch your com may prick down 
ween CY C's. _s here the diſtance 
| — the center and the is 14, 57, thed[{- 
| dy g 20-$0.the difrence 6.93-1 therefore taking Y 6 in+, 
23.6ent, prick them down on the ſubſtylar trom 6 unto 
$,and you ſhall have rhe ſame interſeftion of the troqgique 
andthe ſubſtylar as before; and the like reaſon ho tor 
piting « down af the reſt of theſe diftances on their ſeveral 


Then having the points of interſeQion between the hour- 


rake the yoo may joyn them allina crooked 
— ofgny angles, the line ſo drawn ſhall be 


required, And after this manner _ may draw 


of declination, whereot examples 
T per prue of declinaon wh ITY 


— — <—— 
—_— 


CHAP. XIV. 
To diſeribe the parallels of the Signs in any of the former Planes. 


He zquator andthe tropiques before deſcribed, do ſhew 
Tix Suns entrance into Fe 4+ Signs, the zquator wins 
Ya 


76. | The deſcription. of the Tropiques 


V and 2, the one tropique 1nto Sz and tac other: unto W, the 
reſt of the incerm:4iare Signs will bz deſcribed in the ſame 
manner as the tropiques,if ficlt we know their declination, 


The my112zr of fi liag the declination, nat only of thehs. 


ginning »f th! Sig13, bur all orhee points bf che ecliptique, is 
b= fore ſer down in 2. Prop, Aſtronomical, by Waich yoy 
may fia1 thedeclination of the beginning at 5M, and m;X 19 
b: 11 gr. 30m, and of 17,07 and 2,to be 20 gr. 12. If then 
you inſcribethe chords of t r gr. 30m.andof 20 gr. 12: int 
the former figure BDT Pag. 64. from Droward T\theline; 
drawa from B,cthrough che terms of. choſe chords, ſhall -be the 
Sig nsrequired. x; | ow 
And with cheſe declinationsy th2 height of the Ryle,and the 
kengrhof the axis, you may find theangles at the parallel, and 
thea the diſtances between the center and the pore which 
being. pricked dawa upon the ſeverall hour-lines, ſhall give 
you the points of interſeion, by which you may drawthe 
_ of che Sigaes, as in the figures belonging to thepolar 
planes. 


CHAP, XVv. 


To deſcribe the parallels of the length of the day in an) of th 
former Plants. | 


He length of the Day will always be 1 2 hours long,when 
Tn St to be in the equaror, and this holdeth in 


all laticudes; bur at other times of the year the.ſame-place of 
the Sun, will not give the ſame length of the day "hg 
rſt. 


latitude; wherefore the latititude being known we are 
To find the declination of the Sun agreeing to the length of the da... 


Conſider the difference between the length of an 2quino- 
Qiall day,and the day propoſed,and turn Cs into degrees 
and minutes. 

As the ſine of 90 gr. "x 
1s to the fine of half the diflerence : 


H 


F O—_ —— — « <a. a _ 


- Sotheco-tangent of the larirude, - anilak = 
to the tangent of the declination. | 


Asif the length of the-Day, propoſed were 15 hours, the 
derence between. this, and an.cquinottial day(whole.lengrh 
is alwayes 12 hours) would be three hours, (which make 
4g7.Jandthe half differences 33'gr, 30m. whereore exti nd 
Ne compaſles fram the ſine of gr. unto the tangent of-38 
97.30. the complemenr of the laticude, the ſame Extent will 
reach from the (ine of 22 gr,zom. untothe tangent of 16 yr. 
55». for the declination of the Sunat (ſuch rime as the length 


: B, 


it a8; R 


#theday is cicher 9 or 15 hours, ;. and fromthe fine of 4; 
aMthe tangent of 21gr.40 w.for the declination belongings 
or 16 hours, and from the ſine of 15 gr- unto the tarigent of 
x Pd for the declination belonging to 10 or 14 hours, 
fromthe ſine of 5 gr, 309. unto the tangentof 5 gr- $6.9. 
T % 
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al declination of the Sua when the: length of, the day 
is cicher 11 of 13 hours-. 


Parallels of the length of the Way. 
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like diſtances 
Jengehofche 


berween the center and {che parallels of the 
day upon the baur»lines in your plane, Of 


Pardltels of the langth of thedgy- 78 


Or comparing theſe angles of declination with the ang 
at the equator, you may have the angles at the lel, 
then find the diſtances berween the center and the parallel 
which being pricked down upon the ſeveral hoar-lines; ſhall 
iveyou che paints of interſeftion, by which you may draw 
Feegrallels of the length of the day, whereof yon have ano+ 
exampleinthediagram belonging to an horizontal plan, 
Chapq. And by the fame reaſon you may draw the patal- 
of thoſe circles to which the Sun is vertical, the parallels 
of ye ——_ feaſt, or what cl(c depends on the declination 
oft = 


= CHAP. Xv1. 


: 


/ Te dren the old wnequa! hours in the former Planes. 


was the manner of thz Ancients to divide the day 

into twelve equal hours, and the night into twelve other 

| hours, and (o the whole day and night into 24 hours, 

__ 24, thoſe why mers. _ the day, were ci- 

longer or excepting the twd- cquinoQMal 

dyts) then thoſe which belonged umo thenighr ;and che 

| Summer hours always longer then the hours in the Wimec, 

—_—_ the lengthening of the days, whereupon they * 
hows 


rhe old woequal { and by fore the Planetary ) 


To expreſs theſe in the former Planes: fitſt draw the 
common hour- lines, the equator, and the tropicks, as bc- 
fore : then deſcribe rwo occult parallels of the length of the 
day, ane for g honrs, :the other for 15 hours; for ſo you 
may draw a ſtraight line for the firſt uocqual hour through 
3s, 45%, in Rent of y- and through ho. 15.99, in 
the pacalicl of o. T bis ſtraight line ſball paſs direly through 
74s. 0#, it the equator andio cut off a twelfth part of the 
atks above the horizon, both-from cheſe two parallels and 
the equator : and being continued wats the tropicks, it m_ 


, s 
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allo cut off about a twelfth part 


fromthem, and all the reſt of the the 
; - parallels of declination , without 
-; anyſenſiblecrrour. 


n like manner, you may draw 
the ſecond unequal hour through 
7 bowr in the parallel of 15, 
through 8 howr in the equator 
——_— g how in the ral 
hr and ;{o in the reſt, adluthi 


aa of theſe ancquall houts, 


have a further example inthe 
<= onging to the polat 


' CHAP. 
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Hear from Sur-rifing and Sun-ſttting. 'F 
CHAP. XVIL 


T1 $14 the hours from Sunwriſing and Sun-ſttting ts the for- 
| ner planes 


or how many remain to the Sun-ſetting ; firſt, draw 
common hour-lines, the equator, and the tropicks, as before; 


FIT —Y 


; ho know bow many hours are paſt ſince the Sun-riſing,. 


| 


the firſt vr [Yi the Sun- -m— 


2, .,1\\Pexhibode Severus, ci 
in the parallel of 16, of 7 ia the equator, and of g j 
—_— of n In like make? the (5c6nlt hdur from Sun ths 


ough the common hours of-6 in the parallel of 16, of g in 
_ NOX of 16 tn thi paratlef ors.” an om by 
their order. OO 
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CHAP. XVIII. 


To draw the horizom line in the former Planes. 


TE commo1 hour-llnesdoacommonly depend onthe ſhy- 
dow of the axis, but the patallels of the Signs, and ofthe 
length of the day; the hour lines from Sun riſing and Sun 
ſetting, wich many others, depend onthe ſhadow of thetoy, 
of theſtyle, or ſame \pointinthe axis, which here fig-| 
nificth the center of the world; aad is repreſented by the | 
B. Andrheſe lines (odepending, arethen onely uſeful when 
they fall berween che two tropicks,and wichin the horizon. - 
There may be ſeveral horizontal lines drawa upon every 
lane, as I ſhewed before in finding the inclination of aplane; 
ut the proper horizontal line, which is here mcan m_ 
wayes be in che (ame plane with B rhe top of the ſtyle, (0 
in ac horizon:al plane there can bz no ſuch horizontal line, 
but ia all other planes ic may be found by applying the 


ho- 
tzoaxal leg of the Sefer unto. the rap 6: by G 
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To dnewy the dwizoutabiinty\. --.\ 
1.Te find the enterfeiivinef ries bovix.on with riw maridinn; tn as 


- © #x v% o 


tothe tangent of the latitude : 
_ Soisthe height of the yle,— k 
tothe diſtance between the;ſtile and the horizontal line. 


As in the example of the former cquinoQtial plane, 


* extend the compaſles from the tangent of 45 gr- ico 61 gy.z0 


», the rangent of the Jatirude, the ſame extent will reach in 


he linc of numbers, from 51 the le; pk pbe yleuna <6 
gikek the diſtance between yle-and the horizon 
- wherefore I rake 66 parts out of aline of inches, and 


- wickthen down inthe meridian line- from C unto H above 


od, crooanly RR yy belowthe 1 (ipls jos lower 
© Al ine drawn; through H, parallcl 
ik hour of 6,all be the horizogalline. 
i'To find the imerſeBtor of tht boriza with the nrridian, in a di- 
wit polar plane. | 


Atthe tangent of 45 gr- | 
bc 'cotangenr of the latjeude:: |, 
tthelength of the ſtyl 


LMISF-AGs nt, rj ghotcte ns 12 
— tothediltance berweertthe ſtyle and the horizonal line, 


- As in the example of the former polar plane, extend 
the compaſſes from the tangent of 45 gr. tmeo'the rangent 
#30m/the complernent of the” fariende, the fame ex- 
teat will reach inthe line of numbers, front. the length 
aftheſtyle, unto 1.38, and (uch is the diſtance upori the mc- 
tidian between the ſtplc and the horizontal line. 
loall upright pk whether they | be dire&t vertical, or 
a »the borizontal line'muſt alwaycs 
edrawn through 4 the foot of the Ry le,as may appear inthe 


- And generally in all planes whatſoever, the borizonral 

lie malt be drawn through the intexſeRion of the equa» 

- tor with the. hour of 6, Or jt wy interſc&ion. fall with 
| 3 


our 


34 The deſdriptton of the vertical ctriles. 

| if any arks of the length of the day he 
ns pr we der horizontal line may be drawn 
their interſections wich the hours of the Suns riſingor (er. 
ing- 


| ——— 


CHAP. XIX: 
'To deſcribe the vertical circles in the former planes. 


He vertical cireles commonly called Azimurhsare 

T cinde: drawn-through the zenith, by which we may 
know in what part of the heaven the Sun is, how far fromthe 
Faſt or Weſt, and how near unto the meridian. 

In all upright planes, whether they be dire& verticals, or 
Reclining, | or meridian planes, the ſemidiameter of the hort- 
zo0n Will be the (ame with 4B the dicular fide of the 
ſtyle, and theſe Azimuths will be parallels one to the other, 
and the diſtanceof each Azimuth, from the foot of. theſtyle 
upon the horizontal line, may be found in this manner. 

Gonſider the length of the ſtyle in inches and parts of in- 
ches,and rhe diſtance of each Azimuth from the ſtyle, accord- 
ing tothe angle at thezenith in degrees and minutes. 


Asthe tangent of 45 gr. 
tothe tangent of azimuth : 

$o the length of the ſiyle, 
co the lengthot rhe horizontal line between the ſtyle 
and the azimuth. 


As if it were required todraw the common azimuths on 
the South face of the vertical plane before deſcribed, where 
A Brhc length ofthe ſtyle may be ſuppoſed to be 10 inches. 

Here the plane having no Ceclination, the fylc is inthe 

lanc of the meridian, and ſopointeth direQly into the South. 
he point of SBE is 11 gr, 15 m. diſtant from the ſtyle, and 
SSE 22 gr, 30m. andthe reſt in their ordet : wherefore ex- 
tendthe compaſſes from the tangent of 45 gy. unto 1oit the 
line of numbers, the ſame exzent will reach from the tans 


gent 


Tho defeription of the azimmehe.” 
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Wo It gr. 15 mm. unto 1.99 in 
line of nutmbers for the length 
of the rangent-line, between t 
le and the point $#E, and from 
tangent of 22 gr, 30m unto 4.14 
tor FFE, and ſo for _the reſt, azin 
thistable. | f- 


'Iolike manner, ia the firſt exam- 
ple. of the declining plane , where 
the ſtyle ſtanderth according to the 

lination 24 gr. 20 ms. diſtant 
from the Sourh* coward the Welt; 
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|4x45[Anxeo. Tang | 
fonath Gr. M.|Tn. q 
_ a) OO} © © 
Sb6E|in 1nG5[ nr | 
SS E'22 30 4 "4 
-[IE5833 45] 6 68, 
ſ 4SE 45 Ofr© 00] 
SEGE 56 15114 97, 
ESE67 30124 14 
EbS 78  45|50 27 
Eaft 'co_ * olinfin. 


The deſerigtion of the azimmthe 


Axis |An,zcn, Lang. 
muths Gr, M-\[n. Pa. 
SEE (80 35141 co 
SE. 159 20118 og 
ilsE6s 58 gjlo 9f 
SSE146 y©| 7 25 
SbE|:5s 35| 4 86 
South |14 2c; 3 7 
Sbw|r3 z| 1 5s 
SSpw I FC O 22 
The\foor "of the ſtyle 
Swbs| g 2 113 
SW #1 4c} 2 37 
Swhis 551 4 34 
WSW4;3 10] 6-37] 
wh S"54 25] 9 /50 
Weſl 65 qojlr5 ©: 
Wb N76 5$51'9 26 
W Nw 88 rcl'2 45 


ing. tothe points of 


_- 


; on either ſide of the ftyle, drawing right lines perpend 
to the horizonthrough theſe incerſeRtions, v_ ; chey 
be contained berween the hagiz »ntal and the tropicks, the 
lines ſo drawn ſhall be the azimwarhs required. Mi, 
F: In W « ——_ planc op I jw [= up —_— 

y. Eomhere the perpendicular fide of the (tyle is the 
with'the) axis of thehotizon, and the got of, the ſtyle bs 
\ vertical! pdint;:in whith 4ll-the azimuth lines do' 

tlEir circles doin therenith: w 
bed onthe center A, at the' foot 
into fqur-parts; beginain 
quarter (ubdivided:either 


The next point of $ 5 is but 13ge. 
5 ns. diſtant from the ſtyle;8 theſe! 
cond of SS onely 1 gr. 50 mw, and 
the third of S#6 S is again 9 gr, ug 
». & the reſt in their order. Whe 

fore having before found the length 


of the ſtyle ro be 6-inches, 8 parts, 


exrongl ce compaſlcs by = the tan- 
ent of 45 gr. unto 6. 80 parts-in 
. line of ken, the ſame ex. 
tent Will reach from the rangentof 
24 £r+- 20 1m, Unto 3-07 In the line of 
numbers, tor the length of the tan- 


gent-line between the ſtyle and the * 


Sottth, and from the rangentof 


£7.-5 *, unt 1-58 for the polat 


”- #5 ad {0 for the veſt, as inthig 
[> s T | | 

That done;if you take theſe parts 
out of © Kine of inches, and fk 
them down inthe hgrozontgl line 


as they may 


the (tyl6, hc,divided firſt. 

$ $5. cls mecridiau, aud then each, 
nfo eight equal parts”, ' | 

Mariners Compalle, or into 90. 


according to the -Aftrononneal diviſion ; if- you draw rig 

lines through the center and theſe divifions, the. lines fo. 

drawn.ſhalltc the azimuths required. | 
I4all other plancs inclining to the horizon, theſe vertical 


4 


cit 


rcfore letany circlehe deferi-." 


A 353 =-—_aX = 


--—=———— 
{ll meet in a point, bur at bcing more 

| ſe dſtane from the foot of: rh ry 6 dankmgs this 

poine will be unequal. - 

I Jefiad<ba _—— pac mcs Rug the ftxte; ond the wertical 


Jus! 


yertical ey hun al the vertical lines do meet, 
|! be alvay es in 0s meridian, direQ] aly under or over the 


hy te VE; che perpendicular 
a d cf | Sefry 


of ry Soup to the in- 
a oem hen ore, lads 
. IC \ 1 "FI Wl EY: v 
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OE Bf tictinacton ofthe plate: 


$8 The deſcription of the agimmhe. 
Sois the length of the ſtyle, "#1460 -» gokg 
ro the di between. the foot of the: ſtyle and the 
+ vertical point, » w 
Thus inthe firſtexampleof the declining \incliniog 
where the upper face of the plane looking Southweſt, Kern 
clination was 24 gr. 20 m. the inclination 36. gr. and you may 
ſuppoſe A 8 the length of the ſtyle to be 6 inches: it youerx: 
tend the compaſles from che tangent of 45 gr-unto the tangent 
of 36 gr. the: ſame extent will reach. in the line of numbers 
trom 6. 66 ws 5 Ard diftatiee AF,between A the foor” 
of the ſtyle and 7 the vertical point. | | 
2 To find the diſEance between the foot of the ſtyle and the borizar 
tal line, 
As the tangent of the inclination of the plane, 
is rothe oe 5gr. 
So the length of the ſtyle, 
to the diſtance between the foot of the ſtyle and the 
horizontal line. | 


Sothe ſame extent of the compaſles as before, will reach 
the line of numbers from 6.00 unto $.46 for the diſtance of 
berween the foot of the ſtyle and the horizontal line. 

Then may ou take 4 inches 36 cene.8& pricking them down 
from A the footof the ſtyle, umo Y the vertical pointinthe 
meridian, draw the linc Y, 4, which being produced ſhall 
the horizon in the pine H with. right angles,Aand be thanks 
ticular-azimuth which is perpendicular eothe plane, \. | 

Or you maytake 8 inches 26 cent. and prick them down 
inthe former line” A produced from 4 unto H,and ſo 
the horizoncal line through H perpendicular unto H, 
horizontal line being produced will crofs-the equator in 
{ame point wherein the equator croſſeth the ie of 
unleſs gt {ome former error. 
3 To findthe angles made bythe azimuth lines at the vertical poi 
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The angles at the zenith depend on 


th dcli tion ofthe 
plane, as iy gyrexampl Where the Rolle Tangeed appr 
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wpen in inclining plent:; 89 
to the declination 24 gr. 20m. diſtant from the South toward 
the welt, the azimuth of 10 gr. fromthe 'meridian Eaſtward 
willbe 34 g7-20 my. the azimprh. of 10:gr., Weſtward will be 
only 14 27+ 20 #, diſtant from theſtyle, and ſothe reſt in their 
Or if you would rather deſcribe the ccmmon axzimuths, 
the point of $5 @ will be 35 gr. 35 m. thepoint of Sbkw13 
g5 w,gdiſtant from the ſtyle, and ſo the reſt intheir order, 
T 


As the ſine of go gy. 
to the co-ſine of the inclination of the plane: 
Sothe tangent of the angle at the zenith, 
to the tangent of the angle at the vertical point be- 
eween the line drawn through the foot of the ſtyle 
and the azimuth required. | pgs 


Whercfore i nclineting ol _ Pepe in ou ramps be- 
ing 36 gr, Extend the compalies irom the fine © gr. Unto 
th - of 54 gr. the ſame extent ——— 
ſhall reach in the line of tangents, 
rom 24 gr. 20 9, UntO 20 gr. 5 mn, 
forthe angle H Y a at the vertical 
point, between the line Y H drawn 

h 4 the foot of the ſtyle and 
theSouth. Again, the ſame exteri 
will reach from the tangent of 13 
p53», unto 10 gr.38 w. forthe an- 

belongingto $6W#; and (o for 
reſt, as in this table. 

Theſe angles being known, if 
on the center Y, at the vertical 
point, you deſcribe an occulc 
circle, and therein (inſcribe ' the - 
chords of theſe angles 'Irom the 
line F H,and then draw right lines 

h the vertical point, and 
theterms of thoſe chords, the lines 
ſodrayn ſhall be che azimurhs, re! - \(WN#88,;_ 10)+7 _ 
WLred Mmm The 


96 The d:ſcription of vhiryavellek of the borizon) 
|. The like rexfon hoiderh forthe drawing of the + 
all other inclining- planes, wherentpon am 
example inthe Diagram belonging tothe meridian inclings 
Or far farther ſarldafioa you may fi | 
r for farther ſatisfation you may find w! 
much line ſhall crots the equator. 4 at, 


As the ſine of go gr. 
to the ſine of & latitiide: 

So the tangent of the azimuth from the meridian, 
ro the tangent of the equator frottthe rheridizy. 


Extend the compaſſes from the ſine of go gr. untot 
of-our latitude 51 gr. 20 m-the fame extent will reach rs 
line of tangents from 10 gr. unto 7 gr, 50m, for the inter(e. 
Aion of the equator with: the azimuth of ,x0 gr, from the 
meridian, Again, the ſameextenc will reach from og: 
wUntd-15xy.94 *: for the azimuth of 20 gr. And fo the reſt,” 
it theſe rables. _ | 


So Azins.|E ”" wir, Equar, 
i 
"ET Gr, M|Gr..M. | 
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- fro old3 © [56 15/49 30 
© ©1533 35 67 30/62 6 
o o65 3 78 45/75 44 
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By which you may ſee that the azimuth , diſtant from 
the meridian, which is the line of Eaſt and We —_—_— 
the cquator at gogy. fromthe meridian/in the ſame point, 
wich os hecizoma! live 20g the hour of 6, And thatthea- 
zimuth bf 45 gr. Will croſs the equator at 38 gr. 2 ms, fromthe 
meridiah, that is the line of $ B will croſs the equates! the 
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195411) 2) pores inchiming plane. _ 
jour'of 9-a6d 28-9. in the aworning, and the line of $.W. at 
1be-22 min.in the afternoon ; and ſofter the reſt, whereby you 
may examine yourformer work: 


CHAP, XX. 
To deſeribe the parallels of the hortzon in the former Hangs, 


_— Or TT. Ly 


He Parallels of the Horizon, commonly called Almican- 
Wn or Parallels of altitude ( whereby we may know the 
altitude of the Sunabove the horizon) have ſuch refpe& unto 
the horizon, as the parallels of declination unto the equator, 
and ſo may be deſcribed in like manner, 

In an horizontal plane, theſe parallels will be perfett cir- 
cs; whereforc knowing the length of the ſtyle in inches and 
parts, and the difrance of the parallels from the horizon in 
&grees and minutes» 


As the targent.of 45 gr. + 
is to the lergth oj the ſtyle : 
$0 the co-rangent of the parallel 
to the ſemigdiamerer of his circle, 


{ Thus-is-the wkgmple af the horizontal plane, if e z 
the length of the ſtyle, ſhall be-5 inches, and that it were 
required tofind the ſermidiameter of the-parallel of 62 gr. cx- 
tend the compaſſes trom the tangent of 45, gr. unto 5, es in 
the lige of numbers, the ſame extent will reach from the tan- 
tof 28.gr- the complement of the paralle] unto 2. 65. and 
you deſcribe a circle on the center A to the (emidizmeter 
gf 2 inches 65 cenr. It ſhall be ctheparaVel required. 

Ioal upright plancs, whether they b* dire vertic:1s, or 
lining, or meridian planes. theſe parallels will be conical 
ny and may be drawn chrough their points of 'interle- 

- eſtion, with the azimuth lines; in che ſame manner a$the pa- 

aallels of declination, through their points of jnt»r1etion 
wekthe hour-lines- To thisend you may firſt fiud the di- 
ſtance bewcen the top of the ſtyle and the azifhmh ; an then 

Mmm 2 thc 


92 The deſeriptivn of the parallel of the borizan, 
the diſtance berween the horizon and the parallel,both which 
may be repr:ſeated in this manner. 
Oa the center Band any,ſcmidiameter B H, deſcribe 
occult ark of acircle, and taerein inſcribe the chords of (ach 
arallels of alritude as you intend to draw on the plane, (1 
1ave here put them for 15, 30, 45 and 6o gr.) then draw right 
linzs through the center and the terms of choſe chords, ſo the 
line B H fhallbe the horizon,and the reſt the lines of altitude, 
according to their diſtance from the horizon. 


| 


| 


'2L 


That done, confider your plane ( which here for _—_ 
is the South face. of our vertical plane, ) wherein 
ving drawa both the horizontal and vertical lines as I ſhew 
before, firſt take our A Brhe length of the ſtyle, and prick 
that down in this horizontal line from Z unto A;t 
take out all che diſtances berween Z the top of ,the ſtyle and 
the ſeveral points wherein the vertical lines do croſs 
horizontal, transfer them into this horizontal line B H, from 

. the center B, andat the termsof theſe diſtances ere lives 

perpendicular @ the horizon, noting them with the number 


” 
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upon a horizontal plane. 93 
ar letter of the azimuth from whence they were taken, ſo 
theſe perpendiculars fhall repreſent thoſe azimuths, and the 
 Þ ſeveral diſtances between the horizon and the lines of altitude 
Qallgive the Jike diſtances, berween the horizontal and the 
parallels of alcirude up5n the azimuths in your plane, Upon 
this ground it followceh, ; 


1 To find the diſtance between the top of the ſtyle, and the ſeveral 
points wherein the azimnths 4 croſs the horizontal line. 


Having drawn the horizontal and azimuth lines as be- 
fore, look into the table by which you drew them, and there 
you ſhall have the angles atthe zenith. Then 
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..94 The deſcription of the parallels of the horizon 
As the co-fine of the angle atthe zenith 


istotheine of go gr. 
So the length of the fiyle, 


to the diſtance required. , 


_ Ang zc. Tangem|Sccant. Par. 15. Par. 3 
— M\In-h. P. [nch, P- Inch. P. Inch. P. 
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O c| © c/o. 00) 3 65,5 77 
it 15/1 9g 20, 2. 93/5 ! 

23 30] 4 14/10 82 2 go, 6 14 
SEbS23 456 6812 03|3 23|6 - gg 
SE [ax olto ool4 14'3 80] 8 16 
SEbFlzs 1514 gyj18 oc} 4 8210 
ESE|69;9 3024 14/26 13] 7 Ozjls of 
EbS |7$% 4559 - 27,51, 26/13 73/29 60 
Ef. |yo olnfinit. [Infinit, |Infinit. bs. 6 
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As inour example of the vertical plane, where «A Bthe 
'length of the ſtyle was ſuppoſed to be 10 inches, extend'the 
compaſies from the fine of [58 gr-45 m.,( the complement of 
It gr. 15. theangle at 'the zenith, belonging to Sb Eand 
Sb w) unto the ſine of go pr. the ſame extent will reach from 
ro, oothe jength of the ale;wm 10. 20 for the diſtance be- 
tween the top of the ſtyle and the-imerſcftion of the wi- 
murh «5 E with the horizontal line, which diſtance may be 
called the ſecant of the azimuth, and may ſerve for thegdraw 
ingof the parallel of 45 gr. fromthe horizon. Thelikere 
{on holderh for the reſt of theſe diſtances here repreſented w 
theline B H, 


o 
2 To find the diſt ance between the horizon and the parallels, 


Asthe tangent of 45 gr. 

tothe tangent of the parallel : 
So the ſecant of the azimuth, 

to the diſtance required. 


Asif it were required to draw the parallel of 15 gr-from 
the horizon, upon this vertical plane ; extend the compaſles 
trom 
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upon an inclining plane. 95 
from the tangent of 45 gr. anto the rangent of 15 gr. the ſame 
extent will reach in the line of numbers from 10.00 the {ecant 
ofthe South azimuth unto 2. 6g, and therefore the diſtance 
hetween the horizon and the parallel of x5 gr. is 2 inches 68 
at. upoN the South azimuth. Again, the ſame extent will 
reach from 10, 20 the ſecant of $4 E unto 2.73 for the like 
diſtance belonging to $6 E and S6W#; and (o for tne reſt, 
which may be gathered and ſer down in the table. 

That done, and the hor zon and azimuths being drawn, 
prickdown 10 inches from the horizontal line upon the South 
zimuth, and 16 inches 20 cent. on the azimuths of $6 E and 
$b;and 16 inches 82cent.on the azimuths of $$ Eands SW, 
and 12 inches 3 cent. on the azimuths of SE6bS and 
$#6$, and(o thereſt of theſe diſtances on their ſeveral azi- 
muths:then if you draw a crooked line through tieſe poiats, 
thatmay make no angles, the lime ſ{o*'drawn ſhall be the pa- 
rallel of 45 gr, from the horizon, In like manner may you 
draw the parallel of 15 gr. or any other parallclot altitude 
monany vertical plane. 

I the plain incline to the horizon, after we have found the 
rertical point, and drawn the horizontal line,we arc farther to 
fndthe Jengrh of the axis of the horizon, then the angles be- 
wixt this axis ang the azimuth lines, and (o the ſeveral 
diſtances berwcen the parallels and the vertical poiut, all 
which may be repreſented in chis manner. 

Onthe center B, and any (cmidiameter, deſcribe an oc- 
cult rant of a circle, and therein inſcribe the chords ot 
ſuchparallels of altitude as you intznd to draw on the plane, 
drawing right lincs through the center and the terms of theſe 
chords, {othe line B H ſhall be the horizon, and his perpen- 
dicular B V the axis of the horizon, and the reſt rhe lines of 
akirudeaccording to their diſtance from the horizon. 

Thar done, conſider your plane, which here for example 
isthe firſt of our three geclining inclining plancs, whercin 
havins drawa both the horizontal and vertical lines as I 
tiewes before, firſt take out the axis of the horizon, which 
8heliac beweenB the top of the ſtyle and V the Vertical | 

poir.t 


96 | To draw ihe parallels of the bort<on 


-Ot, and prick that down in this figure from 2 unto; they 
Pe TD ach the line H ,and all the reſ of the diſrunce 
between V the ver ical point and the ſeveral points wherein 
the vertical lines do croſs the horizontal line of this figur 
from the point Y, noting the place where they croſs the ho- 
rizontal line, with the number or letter of the azimuth from 
whence they were taken, and drawing the azimuth lines 
from V through the lines of the altirude. | 


Or having the Se@or,you may draw an occult line F,per- 
pendicular to the axis/ B, and therein prick down 
ent of the complement of rhe inclination of the 
rom Yunto E : then draw the linc E F parallel to the axis 
corog the line V H produced in the point F, ſo this line 
E F will be as theline of fines upon the Sefor, and therein 
you may prick down the fines of the complement of the 
angles at the zenith from E towards F, and draw the vertical 
lines by thoſe points through the lines of altitude ſo the 
_ at Y,berween the axis Y'B and thoſe azimuth lines, 
fhall be the angles between the axis ot the horizon 
azimuth lines on your plane, and the ſeveral diſtances be- 
tween the point / and the lines of altitude, ſhall give . 


Ss noir ore REN. 
| - nt lels 
1 To find the length of the 4x44 of the Horizon, 


- The vertical _—_ alwayes citherdirc&ly over or under 
iy wp of the ſtyle, and the diſtance berween them isthac 
ich I call the aXis of the horizon,which may thus be tound, 


- As theco-ſine of the jnclination, 
-. --to the line of go gr. 

$0 the lengrh of the ſtyle, 

cothe length of the axis of the horizon, 

For example, in the firſt of the three declining inclini 
lanes, the inclination tothe horizon is 36 gr. the hoah & 
1 die firle A Bfaxinches, extend the from the ſine 
ot 547. the complement of the inclination unto the fine of 
gop, the ſame extent will reach in the line of numbers from 
- 4 7-42, and ſuch is V B the length of the axis re- 


it find the angles contained between the borixzon and the vertical 

lines upon our plane, 

The angles at the vertical point between the axis of the 
and the azimuth lines upon your plane, are repre- 

in this figure by thoſe at V , between VB and the 
+ The angles between the horizon and the azi- 


lines being complements to the former, are repreſen- 
te either e which are made by V E, orby-B H, and 
azimuth lines which are drawn from V. | 


That you may find them, look into the table, by which 
Youdrewoheanimurhlinesythere-ſhall-you fiadtheaugles ac 
hezenich,, Theny  ,_ _ - 


* mebeor Eneryrhe angle atthe zenith: 


' 1 Sathatangent of inclingtiontothe horizon, 
| 1h 7 theangle between the horizon and the 
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98 The deſcription of thaparoliale ofthe horizon 


\: pcpur cxamplcy Where the lachoation,o.ths barzon 
36 £7-404 the angle at che zenich.berween; che PTY 
ityicand the meridian, Is according co che ec LOEOaMS 
20 m. extend the compatics trom cnc ling yt go gr. with 

tangent of 36 gre the {ame exteat Wilt react trom the uucgt 
65 gr: 49 m, Tac complemeac 01 the, aigle at Ug ZCuilh, un 
the tangent Of 33 £7, 39 #9, 108 CAC. angiC -COMANICH Ocewocu 
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the horizon and the South part of the merid{xi1 line" Apain, 
the ſam: extent will reach from the co-fintof 33 :g7. 35 the 
angle at the z:nith b:l5nging-to £6 E, unto the»tangent o 
30 gr. 3 m. for the angle between the horizon and-che(azimauth 
line of S FE. 'The like reaſon haldech for the neſt; which may 
befounl and (et dowa in the table. 1:1 lire Au 
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16 68111 9 
14 $5810 go) 7 


12 8410 02) 7 


$9112 62| 9.99.7 47 

—eltz 69" 99_7 47 
12 74) 9.96, 7 
13 20f0. 20 7 
14 23.10: 67, 7 
S515 85,11 go '$ 
$5\1g o5, 12 g4, 8 
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160 The deſeriphtWWA PORE fDArOf the borigus 


As theſine of the angleat the the paral 
tothe co-ine of the altitude : " 4 
$o the length of the atis; 3, 2 - 14/32 
oy ar ſtance berweenthe verrical point and them. 
r 


Thus in our example.if ic were required to find the 
upon the ſtylar azimuth'Y H, berween the vertical ' 
the horizon, you have the reftanglerriangle'Y B 
the angleat the horizon here reprefented by B HY 
to the inclination of the plane 2697 and BV the axis 
che horizon berweenthe planc and chetop of the fiylets p46 
ches 42 cexe, Wherefore cxrtend checompaſiſes fram thefine 
of 36 gr. unto'the fine of yagr, the compicmeant of the 
cude, the ſame eXrenewil reach inthetlineofnufa 


7.43. unto 12.62 and ſachis the diſtance of the 
azimuth line H berween the verrical point and whe 
zZOn, | s 7 Wy" 


:4n like manner; if you would;find thediftance a__ 
ridianberwcen the vertical point andithe horizon ene 


compaſles' from rtheine of '3 37. 30 w:.che' zhgle at the 
riz0n,to the ſine af go gr-the Tame tions Wl reac by t- 


of aumbers trom 7.4: unt943- 44, andfich is 4 
berween rhe verti and The horizon upon THY RW 
the Sourh azimurh; Har Mnes' 09 T 


bhen add R's 
orizon, io: 


the horizon ume che angle arthe {15rigen; you fn 
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- pls Mane.” tol 
a foe aff ehe4eſt, which mity Be gathered andfer down. i in 


unchepartlet 6p LOS SHE ppmwank 
herebts, andthere I er ont, tetorce 


q4the fiſtance teaſes; 2b azimurh line” r0/bep,$6;take'7 
i<S&'66 cent. on of a Fine of fhcties; and prick ther downon 
the meridian of your plate, from the vertieslpointat /; ': 

OrfF _—_—_— vertical] Gs lors fall without your plane, va. 


theextent 2 fot - hen Rm nr 
ode Jnvand he Hoti- 


with- 


r chem arr 
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| jon of, a mans * 4 unto his height, Or 0« 
ther ſhadow to his gnomen (et of ay rg to the horizon, 
may be ſhewed by y pagaliets co the horizon, if they be drawn 
waduealtitude, which may thus be found : 


_ Asthelength of the ſhadow, 
tothe length ofthe gaomon : 
1A Sothetangent of 45 gr 
to the tangent 0 the akitude. 


Azif it were required to find the altitude of the Sun when 
theſhadow of a man ſhall be decuble ro his height, exrcnd the 
from 10;unto 1 inthe line of numbers, the ſame 

extent will reach in the tangent of 45 gr, unto the tangent of 


nn} 58, 
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J rude your ſhadow. will 
vade le, at(18 £re-26 #\{T1pIC,at;,26 gr. 33 
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An Appendix; concernilh 
The deſcription and uſe of of fma ortable 
Quadrant, for the more edfie finding of 

the Hour of Arigumb. | 9 
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Of the Mfeription of the = EAN 


opog 


Aving deſcribed, theſe Ran dingolng Lwill 


$ bys bs 
xdone generally for 2 
\(trolabe, deſcribed rh: Sore 
Wrcticularly for any one Lo by a qua 
Kar Aſtrolabe, there alſo deſcri l which it; 
Iamcrer, may ſhew the azic | 


F 


Ht 


ata dy 
| F% Til 
1 Upon the center Ay ind rexflltarnctcr 44) {cribs 
at BC: the ſame ; wg” what's Fe + 


-aſ on will Ng = 

bogr, will make the \ar 12/0 bl .\th 

the whole circle, and bhi GE, wg 

drant, 

2 Leaving ſome little (a \ walcrippls 
mounts and days; on the ſame wer «F,and 

i ay ark T D, whickt 

pi 


TH” 74 
e 
3 Divide the line 4 Tin the point*E} 6 ti " GB 
that AT being 10000, AE may be 0 and there draw 


Quadrant ma 
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f of the 
IT diameter 
254 Rebar tro- 


another ark E F, which ſhall fm for t c Equator, or A E - 


aoolet BT be yagee 5 0; 
vide' 7 F\ the: lomaidinaterer bbwhe equtator'i in he 
pn G, foat AP beidg/toe0G'the-ling: A G may be 4343 
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The inſt iption of the general lines 


Signs ane ok each Sigg 300 p 2000 30 gy. -by A iable of TMJ 
+ — I 
as O © at- : 
_ of the firſt point of & be- £} r-M TER, M. Gr.M 
"747-5 a gre 1 laya ru- | 0) 00 7 5457 4 
ſerto t & cener 270 _ 's = EE 
in the > ny BC ++ Lo - 1037 35168 21 
where the ruler croſſer lip- 15113 4842 3173 43 


Where The ruler crofleth the parallel 


The de/cvipeion of the general lines 


og 


tick, ſhall be the firſt S. > of S& |, 
In like manner the ri 


rp 7&7 48 w. in the Quadrant, the poi 
oe the culercroflerh the exliott ſhall bethe 


mes T. And fo ſor the teſt: bur the lines 
otdiftintion between Sign and Sign, may be beſt 
Sn camahecemmns.. IN 4 


6 The line ET between the equator and the 
tropick, which 1 call the line of declination, may 
be divided into 23 gr, +ourt of this Table. For let 
AE theſcmidiameter of oftheequanorde 10000, the 
diſtance between , of decli- 
nation may be 1917. more; between the equator 
and 20 gr. 4281 ; the diſtance of the tropick from 

$252. 
' 4 You may pr IE of | wa nci 
ſtars berween the © ang wr) 
of $, by their declination t_ » Br equator, and 
right aſcenſion from the next equinoQial fon 
ys the declination of the wing of "# Pegaſas, 

13 gr-7 mm. the > ge aſcenſion 358 gr. 34 w. from 

the @rſt poi int of Y, or 1 g4. 26 w.ſhort of ic. 1f you 
pong! ED lel throu I3 gre. 7 Ww, of de- 
mpg and nay the = _ — 
1 gr. 26 w, in! ant po1nt 
"eh ſhall be the 


the equator and 10 


place for the wing of Pegg, ro Shtchwyon my 


p; 5104 


18 27147 3379 7? 
ight aſcenſion 15/13 $|52 3834 32 


TIT NA I 57 gr. 48 L 
you lay a ruler to Þe See 30127 $4157 4190 » 


i 176 
2 355 
3 33 
5 733 
4 .913 


6, It 
72,1302 
81503 
9,170 
10,1917 
r1j213 
12/2348 
0312571 
14/27 


1632g0 
17,3514 
1 $3763 
194019 
204281 


214550 
22[4525] 


15[303% 
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165 The tsſtr1pilon of tht Stan; * FX 
- (the name andthertims when he cometh to rhe Sditthy #t 
midnight in this manner, W: Peg. * 23 He. 34 M. atid fofor 
the reſt of theſc five,or any other ſtars; * 
wn (RET ®;: Ho. MR. Afe. Dec. M 
Prgaſns wing * | Marth *' $23 56 1 oS19 1) 
Artfturu * | Olttber 14/14 ovjzjo Oojz1 Y 
Lions heart * | Aughf 1 9 $olt2 t%;3 4 
tr 


; 
: 


Bulg eye © * | Mey 161-4 19164 18] 
uliwret beart _* | Jamwary i\ig 3565 26 
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$ There being (pace ſufhicient between the equat rand - 


the center, you may there deſctibe the quadrat, anddivide 
each of the. tw@ lides : fartheſt from the .cemer Aind! 100 
parts, ſoſhall the quadrant be prepared generally for any las 
tirude, By | UT, 3 09-3941 » 5 L 245.464 
But before you draw the particular lints, you arero-fit four 
tables under your laticnde. * | | 
Firſt, a table of meridian altirugdes for diviſion of the citck 
of dayes and moneths; which may be thus: madex. Conſider 
the latitude: of- che place, andehe declinativir of rhe: Sun for 
each day of the year; H the laticude arid ddclination+be alike, 
both North, or both South, add the declination to the coms 
plement of the latitude, if they be unlike,, one North, aldd the 
other South, ſabſtra&rhe declination from the complemgnt 
of the latirade, the remairider: will be the meridian altimde 
belonging untothie day, '' > | * 
Thus in: our latituds of 51 gr. 30, Northwatd, whole 
complement is 3 8 gr. 30m: the declination upon the eg 
of June will be 23 gr» 30». Northward, wherefort 1, 
23 £r- 30 m. unto 38 gr. 30 #.. the ſunamie of both is 62.grefor 
the meridian alcitrude at thetenth of June. The LIT 
on the tearh of December will be 22 (gr«[30 ww; :Sourhwar 
wheretorc 1 take theſe 29 grizom, 38 gr-30 chap gy 
remain 15 gr. for tif mcridian alcitude atche tench of De 
cember ; and in chis manner you tnay find the meridian alti* 


" 4 4 
= 


tade for cach day of the year, and ſet themdowa in a —_ | 
ie) 


bw. a CR FP I II Or o—_S YT Y Scuc 4. c 


© | 5. j.10 13 26"; 535 , 3o | 
. [G6r.MGr, M|Gr. M; Gr. M|Gr.M}Gr. MIGr. M 
16 31/17 24118 26119 37,20 57þ22 24/23 58 
24 17]25 59127 45129 35/30 29,33 2: 
36 33/38 32149 3042 27,44 22/46 15 
i1'5r 553 25,54 $3156 I5 
56 15157 2958 35/59 33/69 22,61 2/61 31 
6r 36/61 5462 061 5861 45161 22]60 49 
60 4960 6/59 1458 1357 4|55 48/54 24 
54 752 3659 5949 7747 3145 41143 26 
Ceptember [43 26/41 30,39 3337 3635 38|33 41/31 .46 
& [31 46 29 53128 326 16124 35/22 59jar 29 
ovembey 21 1219 51/18 3917 36116 43116 O't5 2 
December | 5 2815 5iry S115 2115 17/15 44'rs 2% 


þ: þ 1 table being made, you may inſcribe the moneths, 
dayes of each moneth into your quadrant, in the ſpace 
k{tbclow the tropick. For, lay the ruler unto the center A, 
and 16 gr- 31 wv. inthe quadrant BC, there may you draw a 
line for the end of December and beginning of January ; then 
lying your ruler to the center A, and 24 gr- 17 mw, inthe qua» 
rant, there draw the endof January, and beginning of Fe- 
bruary, and{o the reſt, which may be noted with 1,F, M, A, 
M1, 8c. the firſt letters of cach moneth) and will berc fall 
between 1 5 gr. and 6297: 
The ſecond table which you are to-fit, may ſerve for the 
rawing and dividing of the horizon, For drawing of the ho- 


(1200, 


As the co-rangent of rhe latitude, 
tothe rangent of the greateſt declination : 


$9 the ſine of.go h 
tothe ſine of the interſeRion, where the horizon ſhall 


crolle the tropick, 
Soinour latitude of 51 gr- 30 w. we ſhall find the horizon 
tocurthe tropick in 33 gr. 9 wv. whereforeit you lay the ruler 
tothe center A, and 33 gr- 9. in the quadrant, the poinc 


00 2 where 


bd 
A Table for dividing of the borlzon. 
ck, ſhall b- the point whete 


Te8 


uw the qr ys ck tall berke py 
the horiz5n crofſerh rhe tropick. And it you find x poi 
H. in the line A C, whereon ſetting the comyaſles, you 


bringchepoinrat E, andthis point in the tropick bothints; 
circle, thepoineH: ſhall be the center, an4 the ark ſodrawq 
{bailbb= che horiz3n, Thenfor the diviſion of this horizan: 


As the fine of go gr. 
to the ſine of the latitule : 
So the tangent to the horizon, 
tothe tangentof the ark in che quadrant, whielſhall 
divide the horizon. 


So in our laticude of 5 1 gy- 30 wv. we {hall find 7 gr. 52, he- 
longing to 10gr- inthe horizon» and 15 gre 54 ».” belonging 
to 20gr, Andtothe reſt, as in this table. 


0 (*; 2) bak 51 30/4 k 45 38 26053 25 
Oo 47] [112 39 [35 | 39 1, 154 41 
1 34| [13.27] [26 4, 49 © |55 48 
3 2 14 16 |26 L 41 © [56 56 
3 t5 4 1:7 50} 43 © [58 4 
$5 3 SSj2ofts 5435 18 43/50 43 265159 1:13; 7 13 
4 42] [16-43] [29 37] 44 1 [50 22 
5 29] [7 33] [30 321 45 3| (SL 31 
6 17] [1822 |3r 27] '46 5 5» 41 
7 4 19 T5 32 22 '47 8 [62 52 
10] 7 $2[25/2® 249/33 i8|55 48 Tt 76/65 3135 
[8 39) ho 53] |34 14 [49514 65 15 
( 9-27] -\3t 44] |35 10] [59 19, 167 37 
. 39 14] [32 36] |36 7 |5r 24, |63 39 
ar 2 23 - 37 4 53 29 [69.52 
r5,x7 $1130 24 19{45{38 2/6053 3575171 _ 5 


Wherefore you may lay ths calzc t5-th2 center Aya) 
787-52 w.inthe quz4cantB Che point where che ruler crof- 
{zh the horizon (hall be ro gr, in the ho2iz32 ; and (ofor-the 


ceſt 6 


SEE SH, 


Ts find the altitude of the' Sun- 109 


of: but the lines of diſtintion between each fifth degree, 
$ gillbe beſt drawn from the center H. 


-FThethird table fot drawing of the hour-lines, miſt be a 
able of the alricude of the Sun above the: horizon at every 
hour; eſpecially when he cometh to rhe equator, therropicks ; 
adſome other intermediate declinations. 

[frhe Sun} in the equator, and ſo have n2 declination. 


As the fine of go gr, 
to the eo-fine of the latitude : 

$9 the co- fine of the hour trom the meridian, 
tothe fine of the altitude. 


Thus in our latitnde of 51 gr. 30m, at fix hours from the 
meridian, the Sun will haye no alcitnde, at five the alcitnde 
gillbe 9 gr. 17 »v- at four 18 gr. $ mv. at three a6 gr. 7 m- at two 
1197.37 m. at one 36 gr. 58m, at noon it will be 3$ gry. 30'm, 
equal ro the complement of the laticude. | 

Kthe Sun-tiave declination, the meridian altirude will be 
found as before, for the table of dayes and moneths. 

Itthe hour propoſed be (ix in the morning or fix at night-: 


Asthe fine of gogr. 
to the ſine of the latitude : 
So the (ine of the declination, 
tothe ſine of the altitude, 


Thus in our latitude the declination of the Sun being 33 gr. 
zom, the altitude will be found to be 18 gy. 11 mw. the declina- 
tianbeing. 1 1 gr+ 30. the altitude tbe 9.97 

It the hour propoſed be neither twelvenor fix, 


Asthe co-ſine of the hour from the meridian, 


to the ſine of 90 4”: 
Sothe tangent of rhe hatitude, 
tothe tangent of a fourth ark. 


® Soinour latitude, and one hour from! the meridian, this 
lourth ark will be foun4 to be 52 gr, 28 w. attwo 55 gr. 26 mw, 
atthree 5s gr» 39 m9, at four 68 gr, 22 w. and at five hours tram 
the meridian 98 gr. 229, " 

. Then 


« 
148 To find. the altitude of the Sup, 

Then conſider thedeclinationof the Saun,and the hour 
poſed; if the latitude and declination be both alike. as withys 
in North laticude, North declination, and the hour fallhe. 
tween noon and fix, take the declination out of the founh 
ark, chexemainder ſhall be your fitth.ark, 

But if cither the hour fall between {ix and midnight,orghe 
latitude and declination ſhall be unlike, add the declination 
unto the fourth ark, and the ſum of both ſhall be your filth 
ark: or if the ſum ſhall exceed go gr- you may take the cog. 
plement unto 180 gr. This fifth ark being known : 


* As the ſine of the fourth ark, 
to the {ine of the latitude : 
So the co-ſine of the fifth ark, 
tothe fine of the altitude. 


Thus in-our latitude of 5.1 gr- 30 mw, Northward, theSun 
having 23 gr. 30 m- of North declination) if it hall be requi« 
red to find the altitude of the Sun for ſeven in the mornlng; 
here(becauſe the latitude and declination are both alike to 
Northward) and the hour propoſed falleth between 
and (ix, you may take 23 gr. 30 w. the ark of peo 
'on out of 78 gr. 22s. the fourth ark belonging to the fitth 
hour from the meridian, (o there will remain 5487 52m, 
for your fifth ark. Then working according to the Canon, 
you ſhall find, 


As the ſine of 78 gr, 22.», your fourth ark, ve? 

: ors fare 1 4 30 mh for he RIC, PY wi 
othe ſine of 35 gr. $ m, the complement i4'1 
ro the ſine of $ gr.17 w, thie alitanie requizell *h 


It in the ſame Tatirnde and declination, ft were required to 
finde the alticude for five inthe morning,here the hour falling 
between fix and midnight'; it you add 23 gr-30-m. unto 98 gr- 
22 w, the ſwmme will be 101 yy. 53 ». and the-complementto 
180 gr-will be 78 gr. $ for your fifth ark, Wherctore 


> = Rk * Das 4 --_. 
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To find the altitude of the Si. " 11 


i 5 j 
In ridanexts OD H, 
.. wOE Roden ; 
4d EM Cotan, lat, 
HaO D Coſi. hore. 
a1DH Tan DH, 
(ui equalis eff P R 
cms compl, D R, novis 
ar. arcns quarts, 


« 74 


m 4 Os J $ f 

fetatnr arous DH cam arcu declinationls D'S, ita dabi- 
w arcs H $, cujus compl. eft S R & priva dr. arcus quinths 
Und erit + 


wt Cos, Þ R hoceſt mt Sin. D\Rg 3,17 390 4 


adCofi. PZ ad Sin £z \ W141}-03 4:42 « 
-#ta Coſi. 8'R : 2: rw Sow H 5» 7 £01 2 Sf | 
wu ad Cofi.S 2 ad Sin, A 3 


Hire forte praſtabit worart HS arcnmquintum its ſecunda ope- 
ris inſt iovcerrer per ſolos fans, | 11 117 OT TO] 1G LEED - 


Fel oy ubſtratt iqnem ſinus quartharea Aung whecAa 
ge OH Davlh LR 


9994 firri potefh yariie motlise Name... \\. 


tut Radive 2 weSin, DH 3 ut Sin, D H 4 me SinoD\R, 
alSin, ang, 0 adSin © - ad Tan, DO «ad Sim, E Z, 


tdCof.lat:O D Ia Sim, D'O ina Rabin” | _— ita Rl. 
*n OHD;od Sin,H "ad faacarg Hi | "a4 Sim H. 
»11&3 Bot C2,02 OO. 14) ew £ £l 
wento Wreungue aufuld al a, eric « haves if As. 
ſmucreftbangyls H AS, | | 


tel 

_. «1% arons quimi H $o © bs, 
ith inns angulind korivtey H As os 
\ 


all fin. ſolaris altiendinie SA. oe 
# - aw o 17 [OÞ. #1 i 1 
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112 To find the a'titude of the Sun. 


Asthe fine of 78 gr. 22 #, 
rothe ſine of 51 gr. 300 
'So the co-fine of 78 gr. 8 ; 

co the ſine of 9 gr, 32 »». for the alrirude required, 


If inthe ſame latitude of 53 gr. 3099. Northward, the Su 
having 23 gr. 30m», of South declination, 1t were required the 
alcicude for nine in the morning ; here becaule the laticude 
declination ate unlike, the one North, and the other 
you may .addc. 23 gr- 30 m. the ark of declination; unto & No 

39 m,the fourth art belonging to the third hour from the me. 
ridian, ſo ſhall you have 84 gr. 9 w. for your fift ark. Whete. 
fore, | 


As th: {fine of 60 gr.39 s, 
{ tothefineof 51gr.z0m, 
So the co-ſine of 84 gr.g.w. 
co the ſtoe of the 5 gr. 15 w. tor the alcitude required, 


And fo - fo or other of theſe means you may find the 
alticudeof the Sunfor any point of the ecliptick at all hours 
of the day, and ſerthem down inſuch a Table asthis. © - 
A Tabli for the dliifyile of the Sun in the beginning of each Sign # 
at _ hours of pond loan for by.» zo wy Fr 
titades $\ {1} 


EF TY Sas 

ne Gr.M.Gr.M 'f 
{13 73 110 3$ 309127 S$ 1811 

11 159 43 4$ 12136 58/25 40 

10 21 51/r3 Zvj(O 

9 rs 588 15 v5 
| $ 8 33} 1 15 

{7 5137 1 0." ''6 

6 Fran 
Is m9 32 | F ; 
4 8 231 40 
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Laftlh ,you may find what declination the Sun hath when 
As 


heriſerh or ſerteth at any hour. 


—_ ec woa_wooa cc.” 5.£21©O0 


_ <a = Dt © © a 


LE... a aa _n A 2 \2H 61S os as 


_ CO a_—=—  * 


| 


; 


The manner of drawing the hunr-/ines, 


As the fine of 90 gr. 

the fine of the hour from ſix : 
So the co-tangent of the latirade. 

ro the raugent of the declinatfor. 


And ſo in the latitude of 51 gr, 309. you ſhall find that 
when the Sun riſerth, cither at five in the Summer, or ſeven 
"in the Winter, his declination is 11 gr.37 9. when he riſcth 
at four in the Summer, or cight in the Winter, hisdeclina- 
tion is 21 gr.40 m.Which may be alſo ſet down in the Table. 
| That done, you may there (ce that in this latitude the me- 
ridian altitude of the Sun in the beginning of &S is 62 gr. in 
1,897. 42m. inS& 50 gr.iftt Vf 38 30m, 8&c. Bur the beginning 
og and W is repreſented by the tropick T D, drawn at 2 3 
j7-30m- of declination, and the beginning of V and a» by the 

EF, If you draw an occult parallel] berween the 

tor and the tropick, at 11 gr. 30 m. of declination, it 

ſtall repreſent the beginning of &, Mzm,and X,,it you draw 

2nother occult parallel through 20 gy. 1 2 m of declination, ir 
hall repreſent the beginning of It, 9, F, andes, 

Then you may lay a rular tothe center A, and 62 gr.in the 
quadrant BC, and note the point where it crofſeth the tro- 
pick of S, then move the rular to 58 gr. 52 #, and note where 
tcroſſeth the parallel of I ;then to 50 gr. and note where 
itcroſſeth the parallel of 5, and again to 38 gr.30m. notin 
where it croſſeth the equator ; ſo the line drawn throu F 
theſe points ſhall ſkew the hour of 12 inthe Summer, while 
theSunis in Y, &, TT, S, 4, or M, In like manner, if you lay 
the rular to the center 4, and 27 gr» in the quadrant, and 
note the point where itcroſlcth the parallel of 6, then move 
itto 18 gr, 18 m1, and note where it crofſeth the parallel of &; 
and again to 15 g!- noting where it croſſeth the tropick of 
v;the line drawn throu F, theſe points ſhall ſhew the hour 
of 12in the Winter, while the Sun is in'*, mz 23 w,®, and 
X, ſo may you draw the reſt of theſe hour-lines: onely that 
of7, from the meridian in the Summer,and 5 in the Winter, 
wil croſs the line of declination at 11 gr. 37 m- and that of 3 
intheSummer,and 4 in the Winter at 21 gr.40 mm. 

The fourth table for drawingt the azimuth lines, muſt 

: pp like- 


114 To find the ahitude of the Sun 


"wiſe be fitted for the altitude of the Sun above the horizon 
—_ azimuth, eſpecially when he cometh ro the equator, 
the tropicks, and ſome other intermediate declination, 

It the Sun be in the equator, and ſo have nodeclination, 


As the ſine of 008y: : oY 
tothe co-(inc of the azimuth from the meridian, 
So the co tangent of the latitude, 
to the tangent of the altirude at the equator. 


Thus in our latitade of 5 fr: 35m, at '99 gr. from the me. 
ridian,the Sun-will have noa ticudes at 80 gr. the alticude Will 
be 7 gr. 52 8. at 7© gr- It will be 15 gr. 30m. at 60 gr. it will 
be 21 gr. 41 ww, X 5 ; 

It the Sun have dectination, the meridian altirude' willhe 
eaſily found as before, for the table for days and monethy, 
And for all other azimuths. 


As the fine of the laticude, 
ro the fine of the declination : 

So'the co-ſine of the altitude art the equator, 
rothe {ine of a fourth ark, 


When the latitude and declination are both alike in all 
azimuths from the prime vertical unto the meridian, adde 
this fourth ark unto the ark of altitude at the equator. 

VVhen the latirude and declination are both alike, andthe 
azimuth more then ge gr- diſtant from the meridian, takethe 
alcirude at the equator out of this fourth ark. 

VVhen the laticude and declination are unlike, take this 
fourth ark our of the ark of altitude at the equator, fo ſhall 
you have the alticude of the Sun belonging to the azimuth- 

Thas in our latitude of 5 1 gr.30 mm. Northward,it it were its 

uired to find the alititude of the Sun in the azimuth of 6ogr. 

om the meridian,when the declination is 23 gr. 30 w. 
ward, you may finde the alcitude at the equator belongingto 
this azimathto bz 21 gr. 41 m. by the former Canon, andby 
this laſt Canon you may find the fourth ark to be 28gr-15 
m. Then becauſe the latitude and declination are both alike 

tothe Northward, if you adde them both rogether, you ſhall 
have 49gr. 56 m, for the altitude required, "2 


| 


for the azimmh and latiinae prope/ed, 115 
O CM go, 60 
HE Comp. lat. 


(#] A Com, az, 


eA B Alt, equa. 


E Z lat, 

Z BR Com. zAl B. 
D $S declin, 

SB arc. 4. 


Tables for the altitude of the Sun in the beginning of each ſine for every tenth aximuth, = 
Lat. 50 Gr. 00M. 


Yerid.| 0120 1391 40 1591 60177507 to 190 
86; 39163 14 62 23j60 54,58 jo 55 32|51 25146 2131 17]31 22 
- wha eh ol57 23155 151 43147 18[41 40134 47126 48. 
We: 2 les o 3148 10145 23/41 34'36 38130 3olag 12j15 $ 


128 30 


19 48 
116 39 


.6 38 
18 1} 
— 


15 6] 852 


I 47 
6 58 


I 30, 
9 40 
4 3 


9 14117 3114 37110 27] 4 gl 
14 54'14 7111 61.6 46] 1 

GAY Lat. 51 " 
62 30 61 22159 54157 4954 35,59 27145 $138 33130 53 
59 13158 54157 59156 23/54 0 oj5O 43) 224 51134 16136 23 
S [z0 30150 7/49 _3'47 11144 25140 40135 47129 48'22 g3'rq 52 
'9 ©[38 34137 16125 [31 49127 30[22 2]'5 29] 8 of] o © 


27 30,27 1425 29,22. 5519 13,1420, $17] 1 10] 6 43 
234 | | 
e"15 30 


28 0126 5 59120 F| 


62 14 


18 14j16 33113 43} 9 38 477] 2 18] 953]'8 6] 
1454'13 10,10 12 5 58] © 25] 6 32'14 10022 33 
Lat. F2 " Sor 


61 30161 14/60 22|58 25s "os 33149 29,44 'J; 58 30 24 


> abt 58 54\56 28156 22153 0149 43144 25/49 0133 28|26 © 
Si\49 30/49 948 3 46 11143 3-26139 44134 55:29 6122 15'14 4* 


1:8 0137 35126 17134 F139 54126 go[2r_ 2C[14 $7] 7 44] © &.. 
O 48, 6 s 


17 48117 16|15 36|12 48 
(9114 30'14 5$6'12 12 918 


15 6118 O 
14 19122 J0 


8 49] 3 37] 2 45 


X\ «|! 30426 gr 31122 -O 
5 10! 013] 6 49 


18 mY 26 17 42 


—___ 
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Y1qo 0139 _ 15136 ©@]32 "44128 [25 20]22. 45169 of 8 19] © of. 
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716 «ys 0 ra IS, | 
the declination n33gr. 30m.to t ward. 
0 thea have taken this tourth ark our of the = 
at the equator, Which becauſe it cannot here be done, ic is 
ſign that the Sun is not then above the horizon. Bart if yay 
=. the ark at the equaror out of this fourth ark yo't ſhall 
have 6 gr. 34m, tor the altitude of the Sun when he is inthe 
azimuth of 69 gr. from the North, and 120 gr from the auth 
. partof the meridian- The like reaſon holdeth for there of 
theſe altirudes, which may be gathered and ſcrdown in'a 
cable. ; 
Laſtly whenthe Sun riſcrh or ſerteth upon any azimyth, to 
find his declination. 


As the {ine of go gr. 
ro the co-ſineof the latitude : | 
$othe co-finc of the azimuth from the meridian, 
co the ſine of the declination. 


A Table for the altitude of (the Sun in the beginning of each fy 
for evey tenth azinenth, in 51 gr. 30 m. of North latitude, 


EE me an eee ns 
Gr.M. Gr.M.Gr. G. 
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Gr.M.|Gr.M. \6r.M. 
38 30[27 o[18 1815 C 


|——C — 
oO (62 ol58 4zj5o © 
10 (6r 43\53 24149 35/38 4126 3 


; 4 2 

| 20 60 5tl57 2$)48 33136 46/25 0 6 wn - 
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And thug,in our latitude of 5 1 gr. 30 mw. when theazimurh 
is 80 gr» from the meridian, the declination will be found to 
be6gr- 12 w. if the azimuth be 70 gy. the declination will b2 
found 12 gr. 18 mv. if 60 gr. then 1B gr-8 w, Ando for thereſt, 

which may be alſo ſer down in the rable. 

That done, if you would draw the line of Eaſt or Weſt, 
which is 90 gr. from the meridian, lay the ruler rothe center 
A,and 30 gr. 38 9. numbred in the quadrant from C toward 
B, and note the point where it crolleth the tropick of S ; then 
move the ruler to 26 gr. 10 9, and note where it crolleth the 

lof T; then to 14gr.:45/m. and note where it crofſerh 
the parallel of  ; then too gy. 09, and you ſhall find it to 
crolerhe equator in the point F; fo aline drawn through 
theſe points, ſhall ſhew the azimurh belonging to Eaſt and 
Weſt. The like reaſon holderh for all the reſt. 

Theſe lines being thus drawn, if you ſet ewo fights upon 
theline A C, and hang a thread and plummer on the center 
A, with a bead upon the thread, the torctide of the quadranr 
tall be fully finiſhed 

On the backſide of the quadrant you may place the nb&rur- 

deſcribed before in the uſe of the Seitor, which confſiſt- 
of two parts. 

The one is an hour-planc divided equally according to the 
24 hours of the day, and cach hour into quarters, or minvres, 
the planc will bear. The center repreſents the North pole, 
the line drawn through the center irom X 11co X 11, ſtands 
for the meridian, and the lower XI 1 ſtands torthe hour of 
X 11 at midnight. 

The other part is a rundle for ſuch ſtars as are neer the 
North pole, G___ with the twelve moneths, and the dayes 
of each moneth fitted to the right aſcenſion of the Sun and 
ſtars in this manner. 

Firſt, conſider where the Sun will be at the beginning of 
the 5,10, 1 5, 20, 25, 30, and it you will every day of cach 
moneth, and find the right aſcenſion belonging to the place of 
the Sun, as I ſhew before. 

For example, the Sun at midnight, the laſt of December,or 

inning of January, will be communibme anny about 20 gr, 
40m, 
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o ms. of vp whoſe right aſcenſion is 292 gr. 20 m. At midniphe 
the laſt of January - beginning of February he will be oi 
22 gr, 12 », of & whoſe right alcenſion 1s 324 gr-35 m. andy 
the reſt, which may be ſer down in atable. | 

That done conſider the longitude and Jatitude of the ſtary, 
and thereby finde their right aſcenſion and declination agj 
ſhew before, and ſer rhem dow in a Table: thefe Tablg 
thus made, let the utrermoſt partot the runele be madeeyen 
with the innermoſt circle of the hour-plane, and a convenj. 
ent ſpace allowed to contain che diviſions for the days and 
names of the moneths. Then'lay the center of this rundle 
upon the center ot ſome other circle divided into 360 gy, 
and by the center and 292 gr. 20m. inthat circle draw a ling 
tor the beginning of January. lnlike manner by the center 
and 3:4 gr. 35 m. draw a linefor the end of January andhe- 
ginning of February, and (o the reſt of the days of each mo- 


neth, 
For the inſcription of the ſtars ler one of the lines fromthe - 


center asthat at the beginning of July, or rather let a moyes 
able index be divided from the center toward the inward 
circle of themoneths into 40 gr- more or leſs, which maybe 
done for ſpeed equally, bur for exaftneſs in ſuch manger as 
the ſemidiamerer of the general Aſtrolabe was divided be- 
tore, in the uſe ot the Seftor. So laying the Index to the right 
aſcenſion in the outward circle you may prick down the 
ſtars by their declination in the Index. 

Forexample, if the right aſcenſion of the pole-ſtar be 6 yr. 
28 m. ahd his declination 87 gr. 20 m. having let the center of 
the Index both ro the center of the rundle and of the other 
circle, turn the Index to 6 yr. 28m. inthat outward circle, 
and prick down the tar by 87 gr-20 wm, inthe edge of theo 
dex, that is at the diſtance of 2 gr. 40 m. from thepole.. The 
like reaſon holderh for the reſt of the ſtars, which may be 


diſtinguiſhed according ro their magnitudes, and thenbere- 
duced into their forms, as it the example. So the quadrant 
will be ficted both for day and night. 


CHAP, 
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CHAP. II. 


of the uſe of the Duadrant , in taking we altitude of the Fun, 
Moon, and Starss 


He Quadrant is the fourth part of a circle divided equally 
into 90 gr. and here numbered by 10, 20, 3o, &c. unto 
go gr. cach degree being (ubdivided into 4. | 
[itt up the center 0: the Quadrant, ſo as the thread with 
the plummet may play caſily by the fide of it, and the Sun 
beams may paſſe through both the fights ; ſo ſhall the degrees 
cut by the thread, ſhew whar is the alticude at the time of ob- 
yation, a5 may appcar by this example, 
Upon the 14 day of April, about noon, the Sun-beams paſ- 
ing through borh the ſights, the thread tell upon 51 gr. 20 ms. 
this was the true meridian altitude of the Sun for that day 
inthis our laticude of 51 gr, 30 m. for which this Quadrant 
ys made- 
Again, towards three of the clock in the afternoon, the 
_ fellupon 38 gr. 40m, and (ſuch was the Suns alticude at 
ame, 
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CHAP. III, 
Of the Ecliptick. * 
1 The place of the Sun being given, to find his right aſcenſon, 


fey mr is here repreſented by the ark, figured with 
the charaers of the twelve ſignes, Y, x5. I, &c. each 
ſigne being divided unequally into 30 gr. and they are tobe 
reckoned from the character of che ſigne. | 
| Lerthe thread be laid on the place of the {nn inthe Eclip- 
tick, and the degrees which it cuttcth in the Quadrant, ſhall 
dethe right aſcenſion required. 

As it the place of the ſunne given be the fourth degree 
Of 
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of IT, the thread laid on this degree ſhall cut 62 degrees in the 
quadrant, which is the right aſcenſion required. | 
But it the place of the Sun given be more than go gy, from 
the beginning of Y, there mult be more than go yr. allowed 
to the right alcenſion; tor this inſtrument js but a quadrant : 
and ſo if the Sun be in 26 gr.ot &, you ſhall find the thread 
t »fall in.the ſame place, aud yer the right aſcenſion to he 
118 gr, 


2 The right aſcenſion of the Sun being given, to find his place in the 
Ecliptick, 


Let the thread be laid on the right aſcenſion in the 
drant, and it ſhall croſle the place of the Sun inthe Ecliptick, 
| as may appcar in the former example. 
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CHAP. IV. 
Of the line of declination. 


1 The place of the Sun bring given, to find bis declination. 


He line of declination is here drawn from the center to 
the beginning of the quadrant, and divided from the be- 
ny oy V downward into 23gr. 30 m. 

Ler the thread be laid, and che bead ſet on the place of the 
Sun in the Ecliptick ; then move the thread to the line of de- 
clination, and there the bead ſhall fall upon the degrees of the 
declinarion required. 

As if theplaceof the Sun given be the fourth degree of T 
the bead firſt ſet rothis place, and then moved torhe line 
declination, ſhall there ſhew the declination of the Sun atthit 
time to be 21 gr- from the equator. 1%. 8 


2 T he declination of the Sun being given, to find his place inthe 
Ecliptick, 


Let the thread and bead be firſt laid to the declination, and 
chea moyedrothe Ecliptick . k 


\ SEE. 
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Asif thedeclination be 31 gr. the bead firſtſer to this de- 
ination, and then moved to the ecliptick, ſhall thete ſhew 
| the fourth of T, the fourth of 2, the 26 of B,and the 260f 
v;and which of theſc tour is the place of the Sun, may ap- 
ear by the quarter of rhe year. 


—_— 


CHAP. V. 
Of the circle of Moneths and Days. 


His circle is here repreſented by the ark, figured with 
4 theſe letters, 7, F, M, A, 2M, 8c. hgnifying the moneths 
Janvay, February, March, April, &c. each moneth bcing 
divided unequally, according tothe number of the days, that 
ze therein, 


. A Table for he inſcription of the moneths in the Nofturnal. 
Pics| 0 i s 4.16 [1g 7; 20-4 25 |. $6-; 
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1 Theo of the monech being given, to find the altitude of the Sun 


Letthe thread be laid to the day of the moneth, and the 


degrees which itcutteth in the Quadrant ſhall be che merid1- 
_ anakitude required. 


Qqq As 
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"As if the day given be the 1 5 of May, the thread laid 6 
thisday ball cut 59 gr. 30m, inthe quadrant, which is the 
meridian altitude required. 


2 The meridian altitude being given, to nd the day of the mantth, , 


The threaJ being fetro the meridian alticude, doth allo fall 
on the day of the moneth. 

As if the altitude at noon be 59 gr- 30 m. the thread hei 
fer to his altitude, doth fall on the 15 of May, and the 6 

aly ; and which of theſe two is the true day, may be known 

= the quarter of the yeer, or-by another dayes obſervation, 
For if the altitude prove greater, thethread will fall on the 16 
day of May, and he 8 of Jaly : or it irprove leſſer, thethrezd 
will oa the 14 of May, and the 10 of July ; whereby the que- 
ſrion is fully anſwered, 


— —_ —_ 


CHAP. VI. 
Of the Hour-lines. 


— 


Hart ark which is drawn upon the center of the quadrant, 
by the beginning of declination, doth here repreſent he 
equator : that ark which is drawn by 23 gr. 30 m. of 4ecling- 
tion, and is next aboye the circle of moneths and dayegrepre- 
ſenteth the tropicks : thoſe lines which are berween the equa- 
cor and the tropicks, being undivided and numbered at the + 
quator by 6,7,3,9,10,11,12 3 atthe tropickby 142,3,4,&c. do 
repreſent the hour- circles: that which is drawa from 12 in 
equator tothe middle of June, repreſenteth the hour of 12a 
noon in the ſummer ; and thoſe which are drawn with itto 
the right ha'1d, are for the hours of the day in the ſummer, 
and the hours of the night in the winter. That which isdrawn 
from x2 in the equator cothe middle of December, repreſent- 
eth che hour of 12 inthe winter ; and thoſe which are draw? 
with it to the left hand, are for the hours of the day inthe win- 
ter, & the hours of che night in the ſummer; and of bothehele, 
that which. is drawn from 11 to 1, (erves for 11 inthe 


nooty - 


| 


or" 7 
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noon, and 1 in the after-noon, That which is drawn from 
10to 2, ſerves for 10n the fore-noon,and 2 inthe after-noon; 
for the San on the ſame day is about the ſame height ewo 
hours before noon, as two hours after noon. The like reaſon 
holdeth for the ref of the hours. 


1 The day of the moneth, or the height at woon being known, to find 
the place of the Sun in the Eclipeich, 


'The thread being laid to the day of the moneth, or the 
height at noon, (for one gives the other by the former pro- 

tion ) mark where it crofſeth the hour of 12; and ſet 
the bead to that interſection ; then move the thread rill the 
bead fall on the Ecliptick, and it ſhall fall on the place of the 


Lun. 

As if the day given be the 15 of May, or the meridian al- 
titade 59 gr- 30 m- lay the thread accordingly, and pur the 
bead to the interſeion of the thread with the hour of 12 ; 
then move the thread till the bead fall on the Ecliptick, and jt 
hall there ſhew the fourth of IT, the fourth of Z, the 29 of S, 
and the 26 of 8, and which of theſe is the place of the Funne, 
way appear by the quarter of the yeer, or another dayes ob- 

vation+ 


2 Theplace of the Sun in the Ecliptick, being known, to find the day 
; of the moneth, & c. | 


Let the thread and bead be firſt laid on.the-place of the Sun 
inthe Ecliptick, and then moved to the line ot 12. | 

As it the place of the Sun given be the fourth »f I, the 
bead being laid to this degree, and then moved to the hour of 
12,in the ſummer, the thread will fall onthe 15 day of May, 
and the 9 of July ;. or it itbe, moved ro the hour of 1 2 in'the 
wiater, the thread will fall on the 6 of January, and the 16 af 
November, which of theſe is the day of the moneth required, 
ma _ by the quarter of the year. 

n this and the former propoſitions,you have two wayes to 
reckife the bead, by the place of the Sun, and by the day of the 
moneth ; the better way is by the place of the Sun, for in the 
other, the Lcap-ycar may breed ſome {mall difference, 

Qqq 2: There 
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There is yet a third way, For the Sea- men having atable 


for the declination on each day of the year, may fer the bead 
thereto in the line of declination. 


4 The hour of the day being given, to find the altitude of the Sun 4 * 


bove the horizon, 


The b:a4 being (et for thetime by cither of the three ways, 
letthethread be moved from the hour of 12 toward the line 
of declination, till the bead fall on the hour given, and the 
degrees which it cuts in the Qradrant, ſhall ſhew the altimde 
of the Sun at that time- ; 

Asif the timegiven bethe tenth of April, the Sun brig 
then in the beginning of &, the bead b2ing reRified, you ſh 
finde 'the height at noone 50gr.0m,at 111n the. mornin 
48 gy- 12 99. at 10 but 43 gr. 12 ».,at 9 but 36 gr. at $but 27g, 
20 9, at 7 but 18 gr- 18 ». at 6 bur 9 pr- at 5 it meeterh with 
the line of declination, and hath no altitude ar all, and there 

fore you may think ir did riſe much about that hour.” © 

Then if you move the thread again from the line of decli- 
nation toward the hour of 12, you ſhall find that the Sunis 
8 gr-33 mw, below the horizon at 4 in the morning; and neat 
I6 gr.at 32nd 21 gr. Fl w.at 2.and 25 gr. qom-att and 37 
gr, at midnight, 


4 The altitude of the Sun being given, to find the howy of the day.” 


The altitude being obſerved as before, letthe bead be {et 
for the time, then bring the thread to the altitude, ſo the bead 
ſhall ſhew the hour ofthe day. | 

As if the 10 of April, having ſet the bead for the time, you 
ſhall find by the quadrant, the altitude to be 36 gr. the 
at the (ame time will fall upon'the hour line of 9 and; 
wherefore the hour is 9 in the forenoon, or 3 in the 
noane. If the altitude be near 40 gr. you ſhall findethe bead 
at the ſame time to-fall halt way Terween the hour-line of 
9 and 3,and the hour-linc of 1 © and 2, wherefore it 
either half an hour paſt 9 in the morning, or half an i 
paſt 2 in the afternoone ; and which of theſe is the triie time 


ef the day, may be ſoon known by a fecond obſervatian'tor 
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* the Sonriſc higher, ir is the forenoone; if «it become lower 
itis the afternoone, 


g The honr of the night being given, to find how much the Sun is 
' below the boriz.0, 


The Sun is always ſo much below the horizon at any hour of 
| the night, as his oppoſite. point is above the horizon at the like 
hoar of the day, & therefore the bead being ſctif che queſtion 
kemade of any hour of the vight in the Summer, then move 
{t to the like hovr of the day in th= Winter ; if of any hour of 
the night in Winter, then move ir to the like hour of the 
day in Sammer ; ſo the degrees which the thread cutteth in 
” theQuadrant, ſhall ſhew how much the Sun is below the ho- 
rizon af that time. n 

Asit it berequired' ro know how much the Sun is below 
the horizon the 10 of April at 4 of the clock in {rhe morning, 
the bead being ſet ro his place according to the time in the 
wmmer hours, bring itto 4 of theclock 1nthe afternoone in 
theV Vinter hours, and fo ſhall you: finde the thread to cur 
$87, and about 30 »..in the quadrant; and ſo much is the Sun 
below che horizon at that time. 


6 Thedepreſion of the Sun ſuppoſed, to giv: the hour of the night 
with us, or the hour of the day 10 our Antipodes, 


Here alſo becauſe the Sun is ſo much above the horizon at 
all hours of the day, at his oppoſite point 'is below the horizon 
atthe like hour of the njght : therefore firſt ſet the bead ac- 
cording to the time, then bring the thread to the degree of the 
Suns depreſſion below the horizon, ſo ſhall the bead fall on 
thecontray hour-lines, and there ſhew the hour of the night 
inc of us, which is the like hour of the day ta our An- 


Asit the 10 of April the Sun beingthen in the beginning 
of S, and by ſuppoſition 8 gr- 3o w, below the horizon in the 
Eaſt, it be required ro know what time of the night it is ; firſt 
{etthe bead according to the day in the Summer hours, then 
bring the thread to 8 gr-30 w.in the qaczanclo ſhall the bead 
fallamong the V Vincer hours, :F c linc of 4 of the clock 

443 in ' 
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in the afternoone: wherefore roour Antipodes it is 4 of the 
clock in their afternoon, and to us it is then 4 of theclockin 
the morning, | 


7 The time of the year or the place of the Sun bring given, to findthy 
beginning of day-break, avd end of twi-light. 


This propoſition differeth little from the former: forthe 


day is ſaid to begin to break, whenthe Sun cometh tobehur 
18 gr- below our horiz2n in the Eaſt, and twi-light to eng 
when it is gotten 18 gr. below the horizon in the Weſt: where. 
fore let the bead be (er for the time, and then bring the thread 
ro 18 gr- inthe quadrant, (0 ſhall the bead fall on thecontrary 
hour-lines, and thege ſhew the hour of twi-light as before. . 
So it it be required to know at what time che day beginsto 
preak on the tenth of April, the Sun being then ia the begi 
ning of & ; firſt (et the bead according to the time in the 
Summer hours, and then bring the thread to 18 gr. in the 
quadrant, ſo ſhall the bead fall among the V Vinter hours; 
liccle more then a. quarter before 3 in the morning ; and that 
+ the me when the day begins to break upon the renth of 
pril. 


CHAP. VII. 
Of the Horizon, 


ik Horizon is here repreſented by the ark drawn from 
the beginning of. declination towards the end of Februss 
ry, divided nacqually,angnumbred by 10,20,30,40,AC: © '' 


1 The day of the moneth, or the place of the Sun bring knwn 
to finde the amplitude of the Suns riſing and ſetting, 


Let the bead reQified for the time, be broughe to thehori- 

z0n, and there'it ſhall ſhew the amplitude required. : 

 As1t the” day given be the 15 of Maj, the Sun being » 
| t 
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the fourth degree of I, the bead reAified and brought to the 
horizon, ſhall there fa}l on 25 gr.$ mv. ſuch is the amplitude of 
the Suns riſing from the' Eaſt, and of his ſetting from the 
weſt; which amplitude is always North when the Sun is in 
the Northern ſigns, and and when he is in the Southern f1gns 
aways Southward. 


1 The day of the noneth, or the place of the Sun being given, to finde 
the aſcenſoonal differexce., 


Letthe bead reRified for the time, be brought to the hori- 
200, ſo the degrees cut by the thread in the quadrant, ſhall 
hew the difference of aſcenſions. 

Asif the day given be the 15 of May, the Sun being inthe 
fourth degree of IT, let the bead be reified and brought to 
the horizons ; ſo ſhall the thread in the quadrant ſhew the a(- 
ceahonal difference to be 28 gr.and about 50 w. 

Upon the aſcenſional diflcrence depends this Corollary. 


Ts finde the hour of the riſing and ſetting of the Sun, and thereby the 
lmgth of the day and night, 


The time of the Suns rifing may. be gueſſed at by the z of 
the laſt Cap. but here by the aſcenſtonal difference 1t may be ' 
better found, and that ro a minute cf time. For if the aſcenii- 
© onaldifference be converted into time, allowing an hour for 
t5gr.and 4 minutes of an hour for cach degree, ic ſheweth 
how long the Sun riſeth before ſix of the clock in the Sum- 
wu .- ny ſix in ws yrinyy # 

it the day given be the 15 of Way, the Sun being in th 
fourth of 2r, = his aſcenſional dilerence found de hefore 


18gr-50w, this converted intorime, maketh 1'be. and ſome- 
what more then 5 5 w. of an hour : wherefore the Sun at that 
time, in regard it was Summer, roſe r ho. and full 55 m.before 
6of the clock ; and (o having the quantity of the femidiur- 
> ark, the length of the day and night'need not'be un- 
known, 


CHAP. 


To find thahanr of the night-by the fars 

"cHAr, vir" 

| Of the five ſtars. | 
-- he. bave put in more ſtars, but theſe may-ſuflice forthe 


and fi-ſt I make choice of -Als Pegs/i, a [tarintheen 
f the wing.of Pegaſn-+, in regard ic wants but 6 mi 
timc.ot.the begioning of 'V ;, but becaulc: it is butof- 
cond magnitude, and nor always.tobe ſeen, I-roade:choigeet 
tour marc, Oue for each quarterot che Ecliptick) av Quater 
& the Bulscyc, whoſe, right aſcenfton .converted,ame. w 
is 444. 15 ws, then of- Cor. the Lions heatt, whole xi 
cenkon it 9 bo, 48 m. next of eArturus, whole Fight | 
is 13 H, 58m. and laſtly of 4q»i/4,or the. V = 
Whoſe right aſcenfion is 19 H; 33. I heſe five'ftars bay 

of chem Northern declination ; and it any others, {ome of 
theſe will be (cen at all times of the year. $ hs 


The uſe of them is, | | # 
The' altitude of any of theſe five ſtars being know, 11 finds thihiit 
of thenigbr. yy ny " f «4 
Fic(t; put the bead to the ſtar which. you- intend: to-gh 
ſcrve, take his akitude, and findehow many hours heh 
the meridian. by the fourth Prop. ,ot the lixt Chap, then,on 
of the rightaſcenſion of the ſtar; take the: right. aſcenſion o 
the ſun..converted into! hoursjand mark the di 
this, diffesxence being added: touthe obſerved hour oft 
from te meridzan; hall ſb:whow :many hours theiſuns 
goac fram-che upcridizo,, which-is in effeR the hour of-uhe 


Night. QI! 14.4 pitd, 7 & r 4 
- \$it:chers gf: May, therfun being in che .fourthob: 44 
faſt {et the bead to Arturm, and obſerving his 
ſhould finde him to be inthe Weſt about 5 3 gr. hi 
bead to fall on the hour-line of 2 afternoone the hour W 
be 11 h9,50 mv. paſt noone, or 10», ſhort of midnight- _ 
For 62 gr, the right aſcenſion of the Sun conyerted a 
{1 


3. #444 


" 


log of the hour of. the night at alltimes of the year; | 


OD ones. af a om "TI IE-% 2-3 + SIA aEGE 


h, andthe - 


Theaye of the Azimath-linas. 129 


- time, makes 4 ho, 8 w. which if we take ouc of 13 be. 58 ms, the 
right aſcenſion of eArltarss, the di e Will be 9 be.50 m. 
and this being added to 2 be. the obſerved diſtance of Arit»- 
m from the meridian, ſhewsthe hour of the nighe to be 11 
b,co.,w. Another example will make all more plain. 

"it the 29 of July ſun being chen in 26 gr. of 1 
hould ſet the bead of Ocu/n: 5, — his alcicude 
- ould finde him to be in the Eaft about 12 gy. high, and the 

bead to fall on the hour-line of 6 before noone, which is 18 
b,yaſt che meridian, the hour of the night would be better 
then a quarter paſt 2 of the clock in the morning. 

» For 118 gr; the right aſcenſion of the Sun, converted into 
time, make 7 be: 52 wv, this taken our of 4 hs. r 5 wv, the right 
aſcenſion of Ocs/w: &, adding a whole circle, (for otherwife 
there could be no ſubſtrafion ) the diflerence will be 20 he. 
13#.a0d this being added to 28 be. which was the obſerved 
difance of Oc#lus Shrom the meridian, ſhews that the Sun 
(abating 24 ho. for the whole = 15 14 bo, 23 w. paſt the 
meridian» and therefore 23 w. paſt 2 of the clock in the morn- 


wy the No&wmrnal be placed on the backſide off the quadrant, 
you may avoid this equation of right aſcenfions. For know- 
ing the time of the year when the ſtar will be -inthe South 
a midnigbt, you-may bring that time to the hour obſerved, 
then will the day of the moneth wherein you made the ob(er- 
vation point at the hour ofthe night required. 

Ain the firſt example where on the 15 of Afay the bead ſet 
toArQurus fell on the hour line of 2 afternoone, becauſe Ar- 
futus. will be in the ſouth the 14 oft Ofteber ——_ at 
_ t, you may place the 14 of. OQtober at the heur of 
»fothe 15 of May will point to 11 be.go,min. 

:Inthe ſecond example where the g of July the bead ſer to 
the Bulls cye tell on the hour-line of 6 betore noone, becauſe 
the Bulls eye will be-in the ſouth the 16 of May compleatar 


| midnight, you may turn the 16 of May tothe hour of 6, and 
ſoy tbl 


1finde the g of July ro point 2-40. 23 min, as be- 
"Mas CHAP, 


The aſe of tre A 3418 mb Jinn". 
Of the « Atimmth-lines« , s 24s) rom 


| «ow 4 4 4 KIA 2,33. 
Hoſe lines which are drawn between the equatorandGe 
tropicks, on that ſide of rhe quadrant which is neared 
unto the lights, and arc numbred by 1 9420,36; #2..d0 
ſeac the azimurhs, the ntrermoſt rothe lefr hand 
eth the mcridian, :thar which is. numbred: wich 12016 wg 
azimuth from che meridian, andvhar which is nurnbredwith 
20 the twenticth, and '{o the teſt; Thoſe lines \which/he 
drawn from the equatorto the Jeft hand, do ſhew' the uyi- 
muth inthe Summer, and thoſe ocher tothe right hand; 
ſhew the ſame in the Wiater, Theuſecof themis:' 5 ay 


r The Azimmbh whereon the Sant beareth from 'n being "oO 
finder the altitude of the Sun above the boriz,'n, Pry 


- Firſt letthe bead be ſer for the time, as in the former Chy 
r,then move the thread until the bead fall onthe azj 
o the degrees which the thread cutterh in the quadranty 
ſhewthealticude of che Sun ar that time. Where you meto 
ob(crve, that ſccing the azimuths are drawn on the 
of the quadrant, you are alſo to begin ro number 
of the Suns altitude from the right hand toward the left. Axif 
the ſights had been (eron the hc ef 8, and you had rurned 
your right hand towards the Sun in obſerving of his altitude, 
contrary to our pradtife in the former Chapeer. 
Asit the time given were the 2 of Auguſt, whentheSun 
hath abaut ho Nerth declination, you may ſcrthebead 
tor the time, ſo you ſhall finde the at noone whenthe 
Sun is in the'South, tobe 5 395-30 wv, he is wh from 
the South 5 3 gr. 1099. when 20 gr. then about 52 gy. $ #9, When 
30gr: then go gr- 20 w. when 40 gr. then 47 gr- 48. When 
$0 gr. then 44 gr. 12 m. when 60gy, then 39 gr, 35 w- when Jo 
pom Fae: 50 m. when Sogr. then 27 gr. when beisint 
it or Weſt go gr. from the meridian, then is the | 
near 19 gr-20 9. When hecomes to be-100 gr, then 11 gr. —”= 
: wicn 


»is 
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when 110 gr. then } 87 209, and before he cometh to the 

azimuth or 20 gr-he hath no altitude. For the Sun having 15 

grot _ declination, will riſc and ſetfat 114 gr, 34», from 
meridian. 


z Fbe aliitnds f the Sun bring given, to find on what azimuth be 
oe 
the bead be: ſet for the time; and the altitude obſerved 


then thread tothe complement of thar al- 
the bead all how the azimuth required. = 
ifthe ſecond ſt-baving ſet the bead tor the time, 
# finde the alti _ to be ig is 20 ws. _— 
; bo pou 70 $7.40 #- 
4! ORC, [0.19 fy» —— right hand 0 (O- 
dyilialonchelines $0.95. from 


OT AETOU theſle bear: 


wh "rea? poing of the: bobs 
inhick of Ke pie er n4 for if pale, nay 
wo it is the forenoon ; it it wer, it is the after- 


knowing the azimuth or point of the compaſſe !where 
Ee | 
''* - Af meridian line, and thereby 
" ; + bppbrras or} 4 ok 
The ſterfa 
The variation of the Compaſſe, 


As it the ſecend of A in the afternoon, I ſhould 
x height of the Sun that he bears from me 60/gy,.. 
idian toward the Weſt: thenthere go gr. 


be 30 gr. ro 


SO polio. the VVal, the North —__ 


CHAP. 


; 
lie c- 


Rre 3 


H E Quadrat hath twq fides divided, heather 
Trex Tos Center ev 6 ſuppoſed ro be divi 
them into 100 equal parts tthac which is next the 
ral line contains the parts of right ſhadow, ext he hot 
fights, the parts of contrary adow,” The uſe of the Us 
drat js, 


.t Any price being given,to find {edn lobe level BY RY 


Lift up the center of the quadrant, fo as the thread 
the plume ny ? Dake plct eaſily b _ lide of j one 


| hall tallon A 
level hehe Opel oe it MR Far ll ek the ore 
ny of the diviſions, then it is Higher: Tito then 
cr.chen the level of the eye. 


= 
_ 2s 
”. 


2 To Sud dads the levet'of te jeg ab Pie 
0b ſervation 


Look through the fightsto the'place, 'going nearer or far- 

her from ir, till the thread <p Hons the quadrat of 
ropes che rant, ſo ſhall the hei he of the _ above 

the level - eye, be equal to the diſtance berween the pace 


and the e 


Soom. 90 133 
Ce Fihe Aa Soporte gl.a ſhadow, the height 
the Giſtancey of it fall. ed Rp bot ON Fs 


; if 00.75, it isthree quarters _ ...For as 
otr'2s the thread fallerh op the parry of righ | 


As 109 tothe party on whigb the chrea wi 
$o.gthe Freda the Rees agent a 


Andon the contrary, 


"hs the; See pares cut by the thread are 20c : 
ight unto the diſtante. '--* 


Ai ron che thread ſhall fall on the parts of contrary ſha» 
dew: if. it fall on 5o parts, the height is double unto the. di- 
bead al » it isfour times as the diftauce. For as oft as 

falleth onthe parts of ccrary Node, 

Li ' As the pares cut by rhe re are urito/'106 ? 

"So is the diſtance untorhe height, 

And on thecontrary, 


s io0 arc unto the s cutby'the thread: __ | 
ES one ml the « bt 


ad what is here (aid of the height and diltanice, the ſatne 
Earn ofthc height and ſhadow. _ * . 


3 To find a height or a diſtance at two obſtrivations.”.( 


As if the dy _ isto be meaſured might not other- 
ode approached,and yer it were required to find the height 
the 7 one , I make c ice - a ſhtion arA, ' 

where the thread may fallon 200 parts in the quadrat, and 
45 gr- hs quien, __—_ AB will be equaltothe 
>. +a if I go if 4 dire& line with the for- 
,and make choice of a road ſtation at D, where 


th read may fall on 50 ue of right  hadow, the diſtance 
|& be double, tothe height : Wherefore I may 


_ the difference between the two SF Aand D, and 
this difference D A will be equal both to the diſtance A B, and 
the height B C. 


Or 


33h - Tea 
'Of if 1 cannot make 


I may, one here | lerh ar 50 parrs bf 
pcs =D. dar'E, where itfalleth'on 40 parry; a7 
ſuppoſing the height B Crobs 150; Hfindthar,- ot 
' As 5o parts areunto 166,the fideof thegiizgrat? t 


So 100 the (uppoſed height, nhto :Sorhe DB. 
And as 4o parts atthe ſecond ſtation;unto 4902 : 11 + 
So 100 the ſuppoſed height, unto 250 the diftance BY, . 


* 


Wherefore the difference..berween the Nations D. and E 
ſhould ſeem to be 50; and then if in the meaſuring of ig 1 
ſhould find it to be either more or lefle, the | will 
hold, asfrom the ſuppoſed difference; to the meaſured diff 
rence, ſo from height to height, and from diſtance to 

As it the difference between the rwo ſtations DandE 
meaſured, were found tabc 30, 11130 


As 50, the ſuppoſed differetice, unto 30 thetroe Gere! 


So 100, the gpaled height, unto 60 the rrue vj. 
And 200, the (u France, unto 1 20 gh ' 


led 
And 250 atthe ſecond ſtation, unto 150 the diftance' E 
The like reaſon holderh in all examples of chix 


And it air Index wich were nd wag ny. 


rer, it he then ſerve by the ſame reaſon, for 
All other nm: | 


wHe 
* 
- 
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WEE lab oro Wh. ot dota oy; 
a mo : ASacond Appeadax.,j,., "re& bud 
' 119 4499 : 
cart the Defripte and Pp fs of another 


uad Z ant \for 44 
Are FT th a 96s ins 


$304 mth, axd other 

£0the Horkos, with new 
lines, > («0g to the fore-mautionad, ad _ wr Peepeſe, more 
accurately. \\ © / 


inmatetly My. Sam Foſter, /amends ye Pre br of 
Aſtronomy in Greſham Calledge. dl 


The > Wh th of the Lyerrane, 
(Oncrnin the Subing anduſe of his Quaſirart, you are 


underſtand tharthe hour, aid azimuth! lines are like 
thoſe that arc ſeen upon the former Quadrant, and the ſes 
at: (moſt part) the © ma" and Jew” 5 pa ial aſſe them 
overs as 's ſeen in the in the ong props Mcdeance be- 
tween the ee Bal k and the None, ons ro 
the end that n more toom might be ga ye fbr the berter 
pacing, aid the more cxaCt dio ag 'of the equinoRials, - 
which in ſmall Inſtruments may be divided to each ({econd 
i and in larger, to cach ſingle degree. 

f it be required to make theſe yer larger, then may the 
fore-mentioned azimuth lines be lett quite out. For the uſe of 
them, as they on _ Soy es is of ſmall moment, very 
—_—_ Suns coaſt toone entire degree: and 

for ſerious practice, _— new lines added are tar more (uffici- 
ent, If this | be granted, then may the qu ulnottials ſtand below, 
by which mcans they ſhall become large enough, even in' 
{mall Inſtruments. Eſpecially this may moſt fair] y be done, 
ifthe hour-lines be reverted by changing the places of the 
equinoCtial and tropicks ; that is, if rhe equinoQialaltitudes 
deinſerred below, on the circle neereſt the imb, and the rro- 

alticudes above, in thecirclencereſt rothe center. Thus 


oming more large, they will ſupply all intended purpoſes 
very; 
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ealie to be underſtood. If other Quadrants — 


compleat in. uſe, this will be found much more copious 
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The uſes of the Ducdrant, 137 
aferveth not onely to finde the hour of the day by the Sun's 
of the night by the ſtars; and what clſe belongsto their. Ri- 
Settings, Amplitudes, &c. butis very. well fitted alſo to 
kicribe all che moſt uſual ſorts of ſtanding Dyals ; that is, 
al|that are upright, or elſe reclining or incliningto the tull 
Faſt and V Veſt : which two ſorts will furniſh many kinds of 
ſuch bodies, as arc regularly formed. Thele are here per- 
formed by very caſic and familiar ways of working. The 
Nournatl for the hour by the Stars, is more expedient in 
this, thed in other Quadrants. For in judging of time onely 
bythe Appulfe-of the Stars tothe meridian, and _—_— thac 
meridian too onely by a rude conjeRure from the North ſtar, 
20 errour of a quarter or half an hour is caſily unawares 
committed. This cannot be ſo here if any ordinary care be 
hadintaking the Stars altitude. Forthis purpoſe, there are 
welye ſele& Stars inſerted, all of them of North Declination, 
ing berween the EquinoQtial and Tropick of Cancer; and in 
hr difference of right alcenfhons, as that one or other of 
them, will be always in ſuch convenient place of the Hea-» 
yens, as from whence the hour may very tully be colle&ed, 
Night throughout the whole year. Since therfore they 

axe ſoconvenient fornſe, there would be a little more dili- 
gence uſed tocometo the knowledge of them in the Hea- 


vens, that due obſervations may be made whenſoever any of 


them ſhall be in view. If any defire that other Stars ( (uch as 
are better known to them) ſhould be inſerted, they may have 
their deſire cafily fulfilled, Onely they muſt rake care, that 
the Stars be ſuch as fall between the T ropicks inthe Heavens, 
and chiefly between the EquinoQial and North Tropick; 
becauſe ſuch ſtars are longeſt in view, and their hours beſt 
ſound. The Propoſitions that are here ſet down,might have 
been increaſed both in' number and in yariety at pertorm- 
ance, it perplexity had been afteAed ; but ſuch of them and 
ſuch ways of afteting them, are here pitched upon as (eemed 
moſt conducible for daily uſe. And tor the ſame reaton it 
is, that the ſeveral lines upon the quadrant are denoted by 
letters onely ; that by ſuch brevity, all unneceſſary circum- 
locution might be taken off, wack, impolition of names 
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138 Tha u/avof the [athnd 
to catch of them, could not ſo caſily have avoided, 

if the former Quadrant have hernoſore found good ac 
ceptance. becauſe it isof ſome uſe, I doubt nor but 4 
gceater pr ion of thanks will be given from the inpen;. 
ous for ing pablick chis larger improvement of this 1y. 
Krumeat. | 


I. To find the Suns Declination, 


Ay the thread to theday of the moneth, upvh the hack 
ſide of the Quadrant, and ir will ſhew you the Dtcling- 
tion of the Sun in that unequal (ſcale : which is numbred with 
twice 2. If your day fall in the upper ſcale of monerhs (which 
may be called the Summer ſcale ( chen is the declination 
North : if it fall in the Jower ( or Winter ) ſcale, the decliny 
tion is South from the Equino&tial. 
Thus upon April >0,you ſhall finde the Sun to declice r5yr, 
Northward : and Jaxwary 30. it declines about 14 4gr. jos, 
Southward. 


q] The contrary work is caſfje : by afligning the Sansdeth 
nation, to know on whatday of the moneththe fame fhallhs, 
For the thread may be laid co the detlination it two plats, 
in both which it will croſs the ewo half years, ſhewinpriv6 
ſevetaldays on which the Sun ſhall have ſo tmich 
tion North ; and ewo more days on which it ſhall have thit 
declination Southward. Ir will be caſfie todiſtiaguifh which 
of thele days (erves your purpoſe, by the ewo ſeaſons of te 
year, unto which the two ſcales of moneths do ahſ«et, 


IT, Toreltifie the Brad for obſervation of Hour or «Azimuth : au 
to prrfors thoſe things that are done by the uſual lint; uyon th 
Dundy ant. 


Faris found the Suns declination for your Gy, yo 
muſt count the ſame upon the double equal ſcale 
is on the fore-1tde of the Quadrant, namely, Trom che aliddk 
of i”, towards the right hah, if the declination be North, ot 
towards the left hand it it be South. The thread being 
thereto, you muſt moye the bead, till it fall juſtly upon the 
- 2 adm be (et right for thee —_—_ 
Y. A, J, Fir 
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1, For the Hayr. If yon obſerve the Suns altitude (by let- 
tag the Syn-beams to ſhine through the fights, and the 
Plunmet ta hang at full liberty, cloſe to the plane of your 
ant)the head will ſkew the hour, it you have reſpe& to 
he time of che year, That is; If the Sans declination be 
North, the bead ſhews the time of the day among the Sem- 
mer hqurs, thoſe which ſpread from the Equinottial towards 
the right hand, It the Sun decline South, the time muſt be 
accounted in the crofle lines which are the Winter hours. 
Andin thisobſervation you ſhall ſee the thread to cut (in the 
equal limbe ) che Suns alticude above the horizon. — Thus at 
Lendes it the © decline15 gr, Northward, and the altitude 
were 977 £r.the hour would be about & quarter before 6 in the 
morning: Or a quarter paſt 6 in the eveniag- Bur if the Sun 
had che (ame declination Southward, the (amealticud- 
then wayld the time be half an hour paſt 8, in the morn- 
ng; Or half an hour paſt 3,inthe eveniag. The former of 
theſe times is ſhewed by the bead among the Summer-hours, 
the lacrex among the V Vinter-hours, 

'% For the Azimuth, 1{ the Suns altitude be numbred the 
Qatrary way in the equal limbe, and the thread be laid 
tiereto, the willthen ſhew the 4zimeth of the Sun if 
you account it according to the time of the year: That is, 

the Summer Azimuth; when the Sun hath North de- 
gation;and among the VV inter Azimurbs when the Sun,de- 

« The Summer Azimsbs are thoſe that ſpread 

from the Equino&ial towards the left hand : The ather cro(- 
them, are the VVinter Azwmyrbs, —Thus it the Suns 
&liaation were £ gr. Northward, and the altitude 18 gr. the 
4zamub would be 80 gr, from the South. Bur it the Sun had 
Fg of South declination, and 18 gr. altieude, the Azimuth 
would be 50 gr. from the South here at Londen, This way 
may ſerve for grofle works, when the «Azimuth is required 
ogely within onc ar two whale degrees. You-ſhall find ic done 
_ accurately, and for better purpoſes in the thirteenth fob 


J« For the A{cenfiongl differgce, The bead bring ( reRti- 
lied as befoxe) oy applicd "0 the left fide of the quadrant, 
2 gives 


140 To find: the Amplitude. 
gives the Aſcenfional difterence, or the time of ſun riſing 
end ſetting, before or aſter 6 a clock, —_— thoſe hours and 
1arters which interſe&each other upon the ſame left ſide 
the quadrant, if you count them agreeable to'thetime ofthe 
year- Andfrom the bead tothe line of 12 rightly taken ac. : 
cording to your rime of Summer or Winter, gives the ſemi. 
di ienulark of rhe Sun, or halt the days length =— Agalfq 
from the bead ro the other line of 12, which ſerves for the 
contrary time of rche-year, givesthe ſeminoturnal Ark, or 
half the lengch ot the night. ——- Thus it che Suns decling. 
tion were-14% gr. the Aſcenfional difference would be r hoyr 
ad 4 of an hour And it the (aid declination were North,then 
the Sun riſeth thac day 5 of a'1 hour betore fave ; ſerreth 4 atter 
2.The ſemidiurnal ark ( from the bead to the Summer 12) js 
52 hours. The ſeminocturnalark (from'the bead tothe Win. 
rer 12) is 44 hours, Theſe doubled make theday 14% hours 
lo:3g. The night 92 long. | 
4 For the «Amplitude. Thebead applyecd tothe right fide 
of the quadrant gives the Amplicude of Sun-riſfing and letting, 
in all varieties. Namely » Frem the bead to that South Azj- 
muth which is propcr to cheſcaſon of ghe year, is the «Ampli- 
endetrom Sourh : as al(oto the contrary ſonth Azimath gives 
the Amplirude trom North : ſhewing how many degrees ofthe 
Horizon the Sun riſeth and: ſettech any day from the juſt 
South or North. Softrom the bead to the Eaſt and Weſt Azi- 
muth "ue isthe ninetieth Azimuh) gives the Amplitude 
from Eaſt or Weſt.—-— Thus if the © decline 145 gr. The 
Amplitud: is here, 23% gr- almoſt. If the declination be North, 
then is this Amplitude from Eaſt and Weſt toward the North, 
23% degrees: The Amplicude from the North ir ſelf isthen 
665- gr, From the South point of the horizen it is 1133 gr. You 
may calily (in ſnch- manner) account it for South declinati- 
ons of the ©. 


V. To fiude when Twilight begins in th: morning,and ends at Evtn- 
ing; which moments are the two wtmaoſt terms of dark night. 
Frer the bead is reCtificd for your day, The thread laid 
to 18 gr. inthe equal limbt, will ſkew the houror part 

required, Oaecly here remember totake your hour aright. 

Y 


To find the beginning and end'of Twilight. 14t 
Namely, in Winter time, look among the Summer hours, 
where it is that the bead reſterh» for that is the w—_— or 
Frening hour of Twilight:Soin Summer time you muſt look 
zmang the Winter hours. — Thus when the Odeclines tn 
&- Sonrhward, the twilight begins at London ar 5 in the 
morning, and ends at 7 a clcek at night, asthe bead ſhews a- 
mongthe Summer hours. Bur if that declination were North, 
cherwilight would begin at x of ant hour before 3 in the morn- 
ing-and end at x after 9 at night. - The Suns depreſſion 18 gr. 
under the Horizon, is the nfual term whereon to begin and 
end the twilight. You may as weil do this co any degree of 
light,a$-to 1 2, Or 12, degrees depreſſion. At which time in the 
moroing all chings begin to be viſible, and the light to be cf 
ſome ule. As if the © decline 3% gr. Sourhward, if you fer 
thebead chereto, and thea lay rhe tbread at 12 gr. in the equal 
limbe;you ſhall ſee the bead,(among the Summer hours, )fall 
upon 5, inthe morning, and 7 at night, So that at 5,and till 7, 
thereis a reaſonable degree of light. Or it in Summer the © 
haddecliacd 74 gr. Northward;the (aid degree of I:ght would 
__ 4 in the cn— andeend at 8 inithe evening.-Near 
whe longeſt days you ſhall find no twilightar all according 
to 18 degrees deprefiion of O under the Horizon, for then 
thebead will fall beyond the V Vinter 12 a clock line, 

T Theſe are the chict uſes of the hour and Azimuth lines as 
they are here,and ia all Quadrants commonly inferred. There 
are other things concerning the Suns place in the Eclipricks 
The Suns nation : The Suns right aſcenſion: Namely: 
—How by having any one of theſerto find out the reſt.- Theſe: 
are here omitred as matters 5nly of curiolity,being of no tur- 
ther uſe in this Inſtrument, then that they may be known. 
Yet if any ſhould deſire them, they may have a ſcale of the 
12, ſigns inſcribed on the back-ſide ; by help of which, the 

fore-named requiſites may be attained. The particulars that 
; followare maſt aime4 at, (as being more of them, and more 
_—_ ) 2nd therefore the precedent things are thus bricfty 
paſled over, 


SſC-3; ITI. To- 


143 Te find the afcenGaual difference, 
111. To find the Suns aſcenſional differ mee, dec, 


Oaunt the declination in the equal limbe from Rx 

The thread there laid, gives BS the Aſcenſional digs 
rence—The ſaid Afcenhional difference gives the times g 
Sun-riſing and ſetting before, and after 6, with the lengths 
Day and Night.—T he {ame may be done for all ſtars whoſ 
declinations are known- 


q Soby having the alcenſional difference, you may finde 
the Suns declination thereto belonging. 

Here at London, it the declination be 20 gy. the afcenfiony 
difference is 27 gr-14 min. That is, 1 hour, 49 minutes. An 
if this declination be North, the Sun riſech 1 hour 49 min, he. 
fore 6, and (etteth ſo much after 6. T hart is, ic riſeth 11 min, 
after 4 inthe morning ; and ſetreth 49 min. after 7 aclocky 
night. And the time of fetting being doubled, gives 15 hour, 
38 min.tor the days length. Thertime of riſing being out 
led, gives 8 hours. 22 min. for the length of night. Butitthe 
declination had been South, the Sun ſhould riſe + hour, 45 
min- after 6 ( that is, at 7,49 min. ) and ſhould ſet 1 how, 
49 Mia. before 6 (that is,at 4 and 11 min-) and the day woul 
be 8 hours,z2 min. long; the night 15 hours, 38 min, 


I'V. To finde the Suns Amplitude, 8c, 


CH the declination in the equal limbe from GtoH, 
The thread there laid, gives CR for the Amplitude 
— ſhe ſame may be done for ſtars whoſe declinations aro 
known. 

q] Soby having the Amplitude, you may finde the decl 
nation, For it the Amplinge be counted from C toR the 
thread laid at R, gives the declination G H. 

At London, if the declination be 20 gr. the am lieude is 33 
£Yr-20 min.from the Eaſt and V Veſt points of the Horizos. 


V. Having the declination of any upright plane, te finds the tv 
tion of the ft le, 8c. 


Ay the 'thread to the planes declination, counted from 
Ld to R: So will G H be the Elevation. as 
q 5) 
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q 50 by having the clevation G H, you may find D R 
the declination. : 

[f an upright plane (here) decline 20 gr. the ſtyles elevation 


willbe 35 £7- 45 ”. 
V I. To find the D: flexion, &c. 


Ountthe declinatfon from Bro S. The thread there laid, 
gives F K the Deflexion. ' 
q Soby having FK the Deflexion, you may find BS the 
lanes declination. 
It a plane declining 20 gr. the Defiexion is 15 gr. 13 m, 


VII. To find the difference of longitude, & c. 


- Joop the elevation from FtoK. ESisthe difference 
2 longitude. ES 
2 Count the deflexion fromG to H. CR is the difference 
of longitude. 
q By thecontrary works, having the difference of longi- 
tude, you may find the elevation and defle tion. 
Aplane declining 20gr, hath 2 5 gr, diff. of longitade. 


VIII, To make a» horizontal! Dia! 


Chun the hour from E toS : the thread laid atS, gives 
K. ThencountG H equaltoFK : the thread atK 
kid,gives D R, the ſpace of that hour from 12. 
2 Count the hour fromCtoR, and by help of the thread 
jo Ilhave G H, Then count F Kequal roG H : the thread 
at R, gives BS, for the (pace of that hour from 2 2, 
; With a pair of compaſles, take the hour from Cto R, 
_ itfrom BroS, BS isthe (pace or angle of that hour 
124 
4 Take with your compaſles che hour from Eto S, and ſet 
wa Dto R. So the number D RK ſhews how muny degrees 
that hour muſt be from 1 2+ 
By all theſe wayes (herc at Lo»dos) the third hour will be 
dabout 38 gr. from 12. Thereſt will be in like manner 
accotding totheir true quancities, —"_ 
; To 


4144 Propefitions in Dialling, 


I X. Th find what angle any hmr-circle maketh with the Huixn | 
| or any eAzimuth makes with the EquineTial, " 


Et the number of the hour-circle(or 2zimuth)from' 
be counted from CroR, the thread laid at R, will Cut the 
cqual limb in H. And FH will be the angle requircd, 


q] 3y the angle kndwn, it will be cafie by the co 
woot - find the hour (or azimuth) ro which that anglt 
ongeth. 

The third hour (or 45 azimuth) makes wich the horizar 
(or with the equinoGtial) an angle of 36 gr. 55 minner here x 
London. 


X. To find what ark of any hour-circle « intercepted betwen th 
equinoRtial (or any parallel) and the horizon, 


Your the number of the hour- circle from South, fromE 
to S, Or if it be above go, from E to B,and back againtos, 
So F K inthe equal limb, will be the ark required, between 
the equinoRial and horizon. | 

The ark intercepted between any parallel and the horizon 
may hence alſo be tound.— lt the declination of the 
be North,and the hour be þetween 12 & 6,add the declination 
ro the ark found by the former work : In other hours he 
yond 6, ſubcratt the former ark out of the declination, there- 
ſult will be the ark required. Upon the hour of 6 it (elk, the 
declination of the parallels .is the ark intercepted.— It the & 
clination heSouth, ſubtraft ir our of the ark found betore, 
(namely, the ark intercepted between the equinoial and ho- 
rizon) what remains is the ark intercepted berween that pa 
rallcl and the horizon. 

Thus at London. The ark of the 3 hour intercepted between 
the equinottial and horizon, is 29 gr. 21 m9, —Andif theds 
clination be 18 gr. North, the ark intercepted berween that 
parallel and the horizon, is 47 gr. 21 w.--- It the parallel be 
18 gr» South, theark will be 1 I gy. 21 99» 


© The firſt work, will alſo ſhew what ark of any azimuth 
trom South is intercepted between the horizon and cquine 
Riah, if in ſicad of the hour-circle from South, you uſethe 
azimuth 


"| 


* -” 


= 
- 


To find the height of the Sun upon any Azimuth. - 45 


' zimuth from South. This intercepted ark, is the equinottial 


alticude of that azimuth. 

So inthe 45 azimuth from South, the equinoCtial is 29 gr: 
11. high. Ia the 135 azimuch from South, the equinoCials 
depreflion under the horizon, is 29 gr. 21 m. 


This is made uſe 6f afterwards. 
X |. How bigh the Sun ſhall be njon any eAzimutb, and in any De* 


clination. 


He azimuth is beſt numbered from the South : And this 
7 Rrcoftion (with moſt of thoſe that follow) is done by 
help of compaſles, 

© If the Sun be in the equinoRial, the firſt work of the 
laſtpropoſition gers the equinottial altitudeor depreſſion, b 
coun the aztmurch from E to'S, whereby the ark FK will 
be on This ark (it the azimuth be lefſe than 90) is the al- 
tirude; if more than go, it is the depreſſion, 

But if the Sun have declination, then firſt, lay the thread 
from Frowards K, according to that: declination, and take 
the leaſt diſtance from the point B, ro your thread; and keep 
thizextent. Then, P 

T If che Suns declioation be South, count your azimuth 
fromEtoS ; and lay the thread there, which will cur thEline 
EN in T. Set one foot of the former extent in T, and turn the 
other about roward the fide A By applying the thread to the 
remoteſt diſtance of that circuir The thread ſo laid. will 
rd alticude required ; if you count the degrees fromP. 

husthe Sun declining South « 1 gr, 30m will have 16 + gr- 
30m of altitude in the 45 azimuth, 

q If.the Suns declination be North, --- and the azimuth 
lefſe than 90 from South, count your azimuth from E to'S, 
and lay the thread at it, and letic cutE N, iaT. I hen fet 
one foot of your tormer extent in T, and with the other toot 
turned abour, lay the thread at the remoreſt diſtance from T 
towards the fide A C, The thread fo lying, ſhews from F 
lathe equal limb, the altitude required. Thus if the Sun de- 
cline 11 2r, 30 »North, his —_— upon the 45 azimuth _ 

tt 


146 To find the h.ight of the Sun bt all boner. 
be 42 2 gr. --- - Burzif che} azimurk be more than goy count 
from Bro S, the excefſeabove go ; and applying the thread 
thereto, ſce what. degrees of the equal limb the thread cues 
from F. Cont that number of degrees from 60 [inthe equal 
limb) totwards, toward 70, 89,90. and —_—_— thread there, 
which ſuppoſe. to cut the line «@ inv- Set your compaſſe 
(keeping (til! their firſt extent) npon «, and turn the other foot = 
rowards the ſide A C, laying the thread at. the remozeſtturds. 
If now to the thread {o laid, you number the degrees inthe 
equal limb, from 60, the ſame ſhall be the altitude required, 
Thus if the Sun decline 11 gr. 30m. North, and the azimuth 
be 101 gre 15 #- from South, the alticude mult be 5 gr, 43m. 
in our latitude of 51 gr- 39 mv. | 


eAyother way for this Propoſition, 


Y the ficſt work inthis r 1th, get the equinoial altitude* 

2x depreſſion for your azimuth, Then lay the threadat 
E : and in C D, fron D, count the ſajd altirude or deprefſion ; 
from which at:mber or point, take che leaſt diſtance tathe 
ſide AC, Enter this Jength between the fide A C, and the 
thread,keeping one foot upon the line A C, remove it thereon 
toand fro, till the other foot turned abour may juſtly touth 
the thread. Then pg our compaſles there ſer, remove 
thethread from G ro according to the Suns declina« 
tion, andtake the leaſt diſtance from your former ſtanding to 
the thread. This length meaſured inthe fcale CD. [fo asone 
foot ſtandi n the ſcale, the other turned about may joſt- 
ly rouch the fide A C] ſhews an ark : Which 


If che Suns declination be South, 


muſt be ſubſtrated f, | 
If the Suns OG azimurhs equinoWial 


and the azimuth lefle than go, alritude, 
muſt be added to 


x the ſuns declination be North, and the azimuth morerhan 


90, the azimuths cquinotial depreſſion mult be rake 
our of this ark; The 


# * 


To fnde the betght of the Sap, 
Thereſult is the altitude looked for. 


Thus if the Azimuth be 7” from South, 


the EquinoCtial tier o Will be 25 3.gr- * 
The arkfound, will be 14 3. Then, 

If the © delline 11 4 South, the altitude vpon the 70 Azi- 

muth will be 1 degree. 

If the © decline 11 4 North, the Alticude upon the 70 Azi- 

muth will be 29 5 degrees. ; 

It the Suns declinacion were 20 gr, Notth, That foremen- 
tioned ark would be 25 gr. whence taking 15 x there 
remains gz for the altitude of the Sun upon the 140 
Azimuth from South, at that Declination of 20 gr- 


.C y this work, may a table of alcicudes be made, by 

which the tormer Azimuth lines upon the quadrant may be 

inſerted. 

XII. To find how high the Sun ſhall be at any hour, and in an) 
Declination, 2 


PG finde the intercepted ark of your hour, between the 
el of Declination, and the horizon, by the tenth. 

| dly, find what angle your hour-circle maketh with 

the Horizon, by the ninth. 

Thirdly, count that angle from C towards D, and from 
thence take the leaſt diſtance to the ſide A C. Meaſure this 
we, Ripon the ſide A C( from A ) and there ſetiyour com- 

cs, Then keeping that ſtation of your compaſles, Lay the 
thread to+ the intercepted ark, counted in the equal limbe 
from G. and take the leaſt diſtance from your ſtanding tothe 
thread, Set one foot of this length inthe ſcale C D, (o, as that 

other. being turned about, may touch the fide AC, (0 
ſhall char foot in the ſcale C D; give the Degrees of Altitude 
= ,if you aumbes them trom C. | 

Let the hour be three from Noon, The interceptcd ark be- 
Ween the EquinoRial and Horizon,will be 29 gr.23 —_— 

| | Trt a 1 


148 To find the- Suns Azimuth. 


It the Sun decline —_ 11% gr. The intercepted  atks' will | 


be 4252 And the angle of thethird hour. with the Horizon, 
17.52 - 


North 


is 6327. 53. So that {che 2Ititode for \ park * Dec'ination. of 


x IAC will be 56 4egrees- 


«| By this work you may make a Table of the Suns alti 
trades upon any parallel of Declinuion, And by thofealti- 
tudes you may inſertthoſe Summer and Winter hours which 
are upon the Quadrant, 


X 1 LH. To fonde the Suns Azimuth. 


Irſt, lay.the thread t5 the Suns Declination counted inthe 
Fea limbe from F ro K, and take the leaſt diſtance trom 
the point B, to the-chread,. and keep your compaſles atthat 
extent. Then count the Suns altitude in the .cqual limbe, 
from F, and lay the thread to ir. This being done, . © 


«| It the Sundecline Sourh,keep one foot of your compaſles 
alwayes upon the line EN, beyond the thread, towards. E, 
and remove ir ſtill upon that line, tillche other foot being 
rurned about,may touch thethread- preciſcly. - CHE 
where the foor of your compafſe ſtanderh upan the line EN, 


ſuppoſe at V. Bring the thread ro V,aud it ſhews (from E)the 
Azimuth from the South. 4 


«| If the Sun Decline North, keep one foot of your former 
exrent, upon the linc- E N, on this fide thethread *towardsN, 
and remove it 1]; uponthat line, nntilche foot thats rurned 
about do touch upon the thread, 4nd obſerve' where yout 
compaſlſe foot then ſtandeth, upon the line E N'(fappole it 
ftand at W.)Lay the thread at W, and it will tut the (calc 
E B. The parts whereof, from E to the thread, are the A+ 
wwrhtrom South, | 6 

Bur if it ſofall our. in North Declinations, thit wheatls 
thread islaid- tothe altitude, you cannot find room: uponthe 


linc E'N, whercon to ſet your compaſſesfo asto Keep'the 
conditions before required; then work in this manner. Add 


alwayts 


To find the Suns Azimmth. 149 
, always zodegrees ta the Suns alticude, and]lay the thread 
at that compound Alcitude, numbred in the equal limbe 
from F.To the thread (o laid, enter the formerextent of yaur 
compaſſes between the thread and the lines, keeping one 
tootalways upon that line. And loox where the font of your 
.compaſſcs reſteth upon that line, ſuppoſe at « Take then the 
ſengeh from « tO a and ſer it - peg up line NE (from N to- 
wards E) : and co che poine where it rells, apply the thread: 
obſewing what parts 1t cuts up2n the {cale. trom B. The 
number ot thoſe parts, gives the quantity of the Azimuth 
above 90 from the Sourh, Or the parts-cut from E, give the 
Azimth from the Norch, : 

q Ifthe © decline act at all,but is in the EquinoQial,then 
the (ole altitude from F ro K (by help of. th< thread: thereto: 
eged) gies E S the Azimuth trom South. - 

Itthe Alcicude of the © be 31 5 in the EquinoRial, the Azi- 
mumh-from South is 69 degrees. 

Itthe Sungdecline South 5 gr- and che alticude were 15 4gr. 
the Azimuth would be found 60 gr. 

' {{ the © decline North 20 gr. andthe Altitude were 5c, th! 
Mimurth would be 50 gr. | 

If the © decline North 20 gy. and the Alticude were g } gr. 
the Azimuth would be 345 gr- from the South, 
+4 If you ſuppoſe the Sunto have no Alticude and do work. 
-» by theſe rules; you ſhall find the Suns Amplitude, Or- 

tive and Occaſive, from the Sow h. As if the Sun decline 

20 gr. North you will find 123 gr. 20 win, forthe Am- 

plicudefrom the South. 


2; X.1YV, To find the hour of the Day by th: Sun, 


4\2untthe Suns Alticade in the equal limbe from F, and 
Ceo the theead there laid, takethe leaſt diſtance fromthe 
point B, and keep this diſtance. 

Then count'the Sans Declination ( which is had cafily by 
the firſt propoſition: + from F inthe equal limbe, and apply 
the thread to ic, Then further, | . 

© Ifthe declination be South, ſer one foot of your former 
exterit, 'upon the line E Nalwaies onthat fide the thread on 
© Ter. 3 whieh + 


150 To finde the. hour of the Day.. 
whzch E ſtandeth from it) and remaveir thereon, til} <, 
other (turned about) may juſtly rouch the thread AK; Sup- 
poſe (in ſo dofig) the compaſle foot ſtayeth at V. The threag 
applied to the point V, will cut the hour frem Noon, it yoy 
count the interceptedeparts upon E B, from E—Thus if the 


Sun decl.ne 2c degrees South, and the Altitude were 13 gr, 59 


#», the hour at Londox would be 10 or 3. 


«] Ifthe Declination be North, ſet one foot of your former 
extent upon the ſide A C, removing it thereon to and fo, til 
the other foot turned about, will onely touch the thred, 

hen it is (ofitred, let that foot _ the fide A C, keeps 

tion ; and from thence extend the other foot to the Jun; 
Declination counted in the ſcale A P. This laſt extent muſ 
be applied to the line N E, from N : and where -it ſtayes, ay 
thethread. So the parts cut upon the (calc E B, will givethe 
hour — — But this muſt be done with caution. For if tha 
toot thar” Kept its ſtation, ſtood trom A, beyond the ſuns Þ6 
clination'in the ſcale A P, then the intercepted ark from E 
ro the thread,gives the hour from Noon. Bur if the forenamed 
foot ſtood berween A and the Declinarion, «then the. whole 
ark EB go, with the ark from B back againto the thread 
(theſe two put together } give the hour trom Noon. 

Thus it the ſun decline 15 gr. Northward, and be 21pr. 
high, the hour is 7 before, or 5 after noon, Or it che altitude 
wcre 3 $7. the hour muſt have been 5 inthe morning, or 7 
in the Evening: namely, go and 15 degrees from Nooi 


X V. On an Upright declining plane, to findr the angle between 1 
and 6, 


| Gp: wa the planes Declination from C rowards D: From 

char point rake the leaſt diſtance ts the lide C A, Set1 

length trom M co Y, upon the Jine MY- Thethread 

Y gives G K for the angle between 12 and 6. | 
Or count the Declination of the plane from B towards E, 

and lay the thread at it- The thread will cut NE. Takefrom 


N to the interſe&tion, and apply itto M Y ;the thread putto _ 


Y gives GK, as before, 
f a plane Decline 20 gr, this angle will be 66 4 at Londen 
XVI. Th 


= 


— 
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Ta find the declination of a plane, ir 
XV I. To find the declination of a plane. 


' BI, draw an horizonral line upan your plane (which you 
may do by your quadrant.) Then apply one fide of the 
rant to thar line, fo as the limb may be toward the Sun, 
ind the plane of the quadrant may lye horizontally flat, 
Thirdly, having a looſe thread and pluramer, you mult hold 
thatthread cloſe by the edge of the Iimb(letriog the plummer 
hang down at liberty) till che ſhadow of the thread- paſſeth 
liredly through che quadrants center. Which done, you 
hall ſee what degrees of the limbthe ſhadow cuts from that 
fide of the quadranc which is perpendicular tothe horizontak 
ſine, This is called the horizontal diſtance. Ar the fame mo- 
menrof time, obſerve the Suns alticade. By this altitude you 
the Suns azimurh from South, by the thirreenth. 
m- this preparation, take diligent notice, whether rhe 
ſhadow of the thread fall betwixt the South, and the perpendis 
cular fide of the adrage 'Qc whether the ſame ſhadow tail 
ſo, a3to-leave both the Sourh and the ſaid perpendicular fide 
(beth of chem) upon one coaſt of the ſhadow, 
lathe firſt caſe, you muſt add the horizonral diſtance to the 
zimuth. In the latcer caſe. you muſt ſubſtrat the lefſer our 
e.chegreater- The refule (whetaer ir be ſum or difference) 
oye plancs declination from the ſourh, 
here. in the ſecond caſe. That.if rhe horizontal di- 
lance be greater than the azimuth, then doth the plane de- 
to that coaſt (Eaſt or Welt) which is contrary to rhe: 
aaltou which the Sun ſtood from the ſouth, This talleth our 
frequently. - | 
.Note allo in the firſt caſe. That if the ſum of the horizon- 
al diſtance and azimuth do exceed 180 gr. then the planes de- 
lation from ſouth is contraty to that coaſt whereon the 
theſun ſtood, » And it is found, by ſubſtrating the foremen- 
tioned ſum our of 360 degrees. This happens more ſeldome : 
thatis; onely upon forte North planes ; and on chem, onely 
whea the ſuns azimuth is more than gofrom the ſquth ; 
an horizontal diſtance more than is the azimuth from» 


” 


Examples: 


152 To-draw upright declining Dials. 


Examples are here omitted for brevities ſake. Onely adg 
this ; that if the planes declination from South be abovegoys, 
you muſt (ubdu&t ir out of 180, and the remainder isthede = 
clination from the North.---- By this accounting from North 
and South, you may alwayes make that your plane decline 
not above 90. And as when it declines nothing, it is afull 
South or Notth plane ; ſo if ir decline juſt 90, it is thenafull 
Eaſt o: Welſtplane. 


XVII. How to draw any wpright declining Dial, 


Irſt, draw a ndicular or plumb- linc A B, and crofle 
þ- itat right + with the horizontal line B C, and make 
BA cqualro A Oin your quadrant. 

2 Upon the equal limb of your quadrant, count the plane 
declinarion (from North to South) from G. and there keey 
. the thread: which will curſome of choſe lines that are drawn 
within the upper ſquare. ; BY: a 

2 Obſerve firſt, thoſe interſetions which the prickt lines 
make with the thread at 5.d,mv, -- Take then the length from 
A, the center of the quadrant to6, and ſer it here uponthe 
horizontal line from B to r, (alwayes on that fide of B, which 
looks to the ſame coaſt whereunto the _ declineth.) $o, 
take from the quadrants center A, to the (econd prick lines 
inc ſe :tion with the thread, at 4 ;-and (ct it here from Boz. 
50 likewiſe the third A mv, muſt be ſet from B ro-3.” © * 

4 Obſerve again all ſuch interſections as are made with 
the thread, by the reſt of thoſe lines whoſe common concur- 
rence is in the point M, namely, at «, c, e, b : and take their ſe- 
veral lengths from the quadrants center A; and prick them 
here down on the other {ide B (contrary to the coaſt of decli- 
nation) namely, at rr, 10, 9, 8- Then for the next line 
vn the quadrant (which doth nor, bue would interſeft 
thread, if it were drawn out far enongh) obſerve whetethe 
thread cuts the extravagant- liner 5, namely'in s: ant 
from A tos, and turn that length twice from B, ſoflallic | 
devign Gexaiet 7. Afterwards at the point Pp drawtheinf- 
nice line CD patrallelro B A. Alfo (et off the hour of 6; on 
that ſide B Which is contrary to the coaſt of Declination; 


namely, 


Teidrav wpright Haga RK Wh 
cen 1 
aamely; from B Re loenct, © a anglc 3 


6 ſhall be found by 
Declination 18 d. $, Eft. 
5s Drawall the 
by i | Az the center of 
your dialghrough 


4 the points Jo 2, I, 
| I2,t t,10,9,8 v7.10 
| | _ , ſuch wiſe, that as 


w, many as well can, 
L DE as the | _ 
as is 


do p of wx 4+ 
4 A 645, E* 
.—- to 6,7: and 
, equal ro 6p. 


'6 5, ©qual to 
nd draw the 


8 79 wi 0-8 Tf 
hy £ \ 4 4 A 3: 
Thus you 0U ay 12 2 th aud i you extend 
; them beyond the center, YO ſhall ang econ the- 
| whole 24. . Ont. of which you may make 
ys choice of Froch as mill ſerve your uſe. 
& ::. For placing the ſtyle. 
tus Seek the eleyation and DefleQion by the: 
Gfth and ſixth, And make B Fequal to the De-' 
=  fieQion; ſerting the ſubſtylar line F-A always 
(8 on that ſide 12which is contrary tothe coaſt of : 
the pros declination. Make alſo F G equal 
AG will bethe patternof the ſtyle. 7 » 
log ill: ſtill at the planes declination upon the! 
i ake the Jeaſt diſtance; from the paant X to; 
jr Oge len gth from Bto H, and draw A:tifor' 
hen making AHEAa right angle, take the icalt1 
Mew Ge Bernd, Afid make H K equal to this di- 
the parrern of your ſtyle. 
oun « Is 


wy 


« 7: all Diats, The fiyle 


muſt ſtand jaft over the ſubſtylar, Elevated ſo much aboveir, 
as the Elevation (befote found) com*th to- Te 
In South Upright decliners the center of theDial is aboye ( 4 
inthe fortn=c fieure ) and che ſtyle points dowaward, Butjq 
North'decliners, the center muſt be low, and the ſtyle mnſt 
point upward; 
eff © NY TIL. Of the upright full Sout b- Dial. 
5*He Declination of the full Sourh-Dial is nothing, Whence 
T; is, that 
angle between 12 and 6 is go degrees, 
"The ling of 1245 the ſubſtylar. 
The tylcs Elevarion is the ononueet your latitude, 
The way of pricking down the hours is in a manner the ſame 
with that before far decliners. No more nceds to be (aid of ir, 
\ The He ial North plane is = _ _—_ = On- 
Iy the ſtyle of this,points upwards toward the North» 28the 
a Fwd, the South-pole. 


| X 1-N. Of Upright far declining planes, 


_ Dials are more difhcule than thoſe other decliners 
mentioned in the ſeventeenth, ea here the hours have 
no center or point of meeting uyon the plain, .. It willnotbea- 
miſs therefore to {ct down the whole work in all pars of it. 

1 Drawa petpengicalar'or phamb-line A B, and croſs it x 
right angles withthe Horizontal line B GAnd make B A 
roAO'in your quadrant.ſerting A. above B if the plain deeli 
from the Sourh,vr below B if it decline fram Nocth, 

z Count the plains Declination from South or North, 
the limbof your Waorae rom G;and there keep the ho 

3 Among thoſe lines vn the . Quadrant (whoſe common 
concurreice is at M)obſerve that interſection. which is 
by the 64h. hour from the quadrants center with the thu | 
the length trom the ſame center to that in an. 
icdown here from Bro C( on that fide Byhich | 
r .the plata decline from 
out the line C DE paraltel to B A. 1608 os 

4 ( 


__ 


ker i thar . be ilerleQion'w 
ve again uporr thar quadrant the ifterſefion whith 
the ſecond Neo the center makes with the thread and take 
the length from the cence rof the quadrant thereunto and prick 
* down towards C, namely fxom BroF, . 


An wpright pai n declining $2 degrees from South Eaftward. 
5s Take the lengths 


from the. center of 
your quadrant to eve- 


ry hour po n 
Ee Ke 
them all dow there, 
from C' to 7: and 5, 


r35 


cemer of your quad- 


length will reach from 

Croir,atE, 

' "6 Lay a ruketto A 
and' F, and tramfer 
the point F nntoH in 
the line C E, ' Theta 
_ take the length from 

H to 10, and fe ic 
from A (cowards 
0 10,the ſame way from A that 10 ftgnds 
from H. | / 

7 With ved lenge bf ror Aro, 
go w' your quadrant, and " one foot 
ob ir: on tho ſide A C, inthe hoerh' inc 
jrom-the Center, with the other turned a- 
bout): lay the thread at the remoreſt di- 

# From A AG ok quad take the 
' # From every point ome your quadrantztake t 
leaſt diſtances tothe threadsſo laid ; ferting them down from A 


uUuu2z co 


— 


. 256 of forming audplaring oftbeMle. = 

.10-7and x, from A.to 8ani4,from A:to 9. Aro wiputoabe- 

turned from A towardyB, willgive the leagehfrom- Aro rr. | 

+ 9 Forthe finiſhing chenot the hours you haveno/maretos, 

bur dray right lines through, each couple of correſpandent 
icx$;*n2meÞly; from'4to 43 5 to 5; from Ct A, or 6tos; 
om 7 £0 7;3t0'8;.9 to 9; 10to 10;a1ltrom triton, 


, q Cl ONCET MINg. the forming and | plaring of the ſbele. 


10. Ty Y.che ptecedeat ſeventh propoſition you may find the 
'B olains difference\of loagituJe, Which ( for this plain 
that, declines 82:gr4} will be (here at Londen) 83 gr. 43 min. and 
' that from: the Squchs) ſe the plain declines from the South, 
The complement of which longicude (83 gr. 43 mis, ) is 6, 
17 win, Take then firſt, che lengeh from Cro7 the next hour 
point, upon CE, andcarrying thatertent to your quadrant, ſer 
one. foot of itupon 15 in theſcale AP: and lay the thread (0, 
that the other toot rurned. abour may juſt touch or paſs ape 
it : and keepthe thread there. Then (in the ſcale AP) countthe 

. fore mentioned complement, 6 gr. 17 mix. and m_ theleaſt 
diſtance from thar point tothe thread,ſet;it from 6 aclockatC, 
towards Eifthe plaindecline from South, (or towards Difthe 
plain geclinefrom North)as you ſec it done here, atG. Second- 


,dothe ſame work again uponthe line AB. © Thar is; Take 
"Ar, A to 7 the nearcit hour point, and ſet one foot of thater- 
tent upon 15 inthe ſcale AP, and with the *other foot turned 
abouc, lay the thread as before. Then inthe ſame ſcale AP, 
"count the ſame number 6 gr.' 17 min-and taking the leal 
diſtance from thence to the thread, ſet that length from 
Ai R,antworing to CG. Andlaft ofall, draw the right line 
'GK. This ſhall bethe line of defletion, over which the (tile 


mend. Mk 

11 Furthermore, Throughthe pointsG and K (or any other 
two,points of che ſame line) draw the two lines G O, K P, both 
perpendicular tothe defleQion hae'G K., Then confidering that 
every hour compreheads 15 degrees of longitude (that is, that 
fromCto 7 is 15, and. trom 5:to 8 is 15, &c. and fince that CG 
i36.g7- 17 min, It CG,bec our ot C 7 which is 15 gr«4hbere 


will remain G 7,8 gr. 43 wineTo: which, if: you add fro "09 


Of fanning and placing of the [tile 57 
- ar or nn Ay amen wiltbe 38 &- 43 min, 
, 9m res tgr-17 =win.;it now you make the angles 
GMRzandK NS,cach 51 gy-17/miv. they will cot the Defle- 
fion line G K.inR and S; And if further,to che radius GR,you 
deſcribe rhe ark R T; and to the. radius 'K'S you deſcribe the 
arcR'T;andtothe. radius'K'S you deſcribe theark SV ; and 
drawthe'line TV; a tangent to both theſe! arks, the Trapezinms 
GTX YV thall bethe pattern of your ſtile, _ Inplacing which, 
you muſt-becaretiil that theſe perpendicular lengths G T and 
KV(perpendicular I ſay tuT V theFiducial edge )be juſtly placed 
ypon-the two aſſumed points at G & K—Ur having found G 7 
tobe'8 gr-43 min. you may add ro it from 7to 1o,which is (three 
hours or) 45 degrees. The (um wilbe 5 3 gr-43 ww.; whoſe com- 
'plementis 36 gr. 17 winmtes, If nowtrom the' points O'and P 
(where the faid hour of 10 cuts the two fore-mentioned per 
"1 prin and KP) you. make the: angles G OR and 
PS, each:equal to 36 gr.17 wr. they will curtthe defletion 
lineGK inthe ſame rwo points R and S. After which you may 
proceed ro make the pattern of your ſtyle, as before: 

T 17 Notethat in- performing the fifth ſeQion of this pro-+ 
rion, inſtead of taking thoſe hour points od, the 
nrer of your quadrant upon A C the {ide for your 
—_ (if rhoſe diſtances ſhould be roo great of your 
plain )' you may lay the thread any where upon the 
Quadrant, and in ſtead of raking from the center corhg 
fore-named points, you may take the leaſt diſtances 
from the ſaid points to the thread, ſeverally, and ſer 
them down from Cto7 andy, and fromCro $ and 4, 
and (o to 9, 10; and for 11, yoon-muſt take.from the 
pointy to the thread,and ſer-it twiee from C; by which 
means they willbe all of leſs diſtance {rom C. And then 
all the work is to be continued, as is before preſcribed. 
—Qr it the ſaid diſtances ſhould be roo little, you 

- "may double; triple, or,&c, to make them greater. 
q 2 Note again, that in decliners from the North, 'that dif- 
ference of Longitude which'you finde by thie ſeventh, 
' tsto bereckoned from the North, ahd ſo the comple- 
ment of ir is to-bs accounted from C (ors a clock) = 
Wards 


158 


, that this direQion here given for enlargi 
the hours 1n far Decliners, may caſily be-applied 
dire. or Horizontal Dials(as are mentioned in the 36 
following ) upon which che pole hath but (mall Eleyg. 
tion. For the Dial (or-nly ſome chicf hours ofit) being 
deſcribed in its natural treightneſs,may be calarged by 

the ſame mcanscharthis leaſt was. Which will 'norhe 
hardro do, bur would beredious here ro'run over again, 


X X., Of full Eaft and Wet xpright Dials. 


T Heſe are more calic than the former fort were. For having 
- 4 drawa the plumb line A B, and aſſumed the point A for 
the bqur of 6; go to your Quadrant, and take from the center 
of it to all the hour-points upon the ſide AC ; and prick the 
firſt ot them down in the line A B, from A to 5 andy : theſe 
cond from A to 4 ands ;thethird from Ato 3 : the 4th. from 4 
to 2, And for the filth, Take trom the center of your Quadrantto 
the poiot r, and ſer that length twice from A,ſo it ſhall limitout 
the point 1.—-—Having theſc points, draw, lines through them, 
all parallel one to the other, andall pointing up to the North; 
.namely. ſo, as to make the acute avgles BAC equal to the 
complement of your latitude. 


C For the ſtyle. 


T muf} always ſtandover the line of 6 aclock, paralleltoi 
J anddiltant every where from it according to the þ length o 
AD- Which, length is ſoon found, by drawing A. D perpendi- 
cular co the hour-lines, cutting the third hour from 6,in D. By 
which line you may make the pattern of your'ſtyle, - For the 
Fiduciat edge 
ſtance of that line A D | > 
: Note. here too; that if your from-the Quadrants 
center to the hour-points be too long, you may ſhonten 
them by laying the thread upon the Quadrant, according 
| as 


| 2m Ek bare Detnarion from 
q 3 Notelaſtly 


 aedtil 


lyes parallcl tothe line of 6, A.C, andatthedi- 


41 | 


Ly 


Qf| Eaſt anal Weff npright Diats, 


»18 


the 
o7 be 209 little chey may be doubled 8c. as is there 


I59 


as your convemence ſhall dire&, and cakingthe the leaſt 
diſtances from thoſe hour-points to the thread; and fo 

-. pricking chem on from 'A to6, to 94s I &c as was belore 

- mentioned inthe firſt Note 

—Ocit th 

expreſl 


ormer propoſition. 


SHArtbeT - E 2 Notefurther, 


that what ix here done 

A full Weſt Por deſcriving theſe 
upright D:al.Þ Eaſt and Welt Dials, 
may be applied tothe 


$$dv$0$+*++$Þ*F dire Polar plain On- 


ly ' remember that 
you are-not tyed ( it 
the Polar) ro make 
che hours to any (er 
angle with the li 
B A, bur they are b-ſt 
at right angles; for 
then the line 4 B may 
betaken for, and pla- 
ced as, the Horizontal 
line of the ſaid plain; 
all the hours lying as 
vertical lines unto it. 
And alſo the line of 6 
here, muſt | be raken 
= che dire aw 
or the line of 12, a 
the reſt of che hours 
are to-be drawn alike 
on both fides 12: no- 
thing in ſubſtance dif- 
teriog from theſe Eaft 
zad Weſt Planes. 


X Xl. 


160 Of Euft end Wft e-tnclining Dials 
XX I. Is Eaft and Weſt re-incliners, To get the Deflelion. 


Ount the re-in-clination from DtowardsC. T ake the leaf 
diſtance from thence to Re gte A C. Set chat length from 
MrtoY. and lay the the threadat Y, Thedegrees F K will girg 
the Deflexion. b.. i 
The (ubſtylar line muſt aſcend in Recliners and deſcend ia 
Incliners, from the line of 12, accordiog to the quantity ofthis 
Deflexion. 
*. The line of 12 lies always parallel! tothe Horizon. 


XX 11. To find the angle between 12 and 6, 


Qunt the Re-iaclivation from E towards B, The thread 
there laid will cut theequal limbe. Thedegrees whereof 
from G to the thread, are the angle required. 


X X II I. To get the Stiles Elevation, 


Ay the thread to the Re-inclination numbered in theequal 
Like from F, and take the leaſt diſtance from N to the 
thread, Set one foot of that lengrh in B, and lay the thread (os 
cotouch the other foot when iris turned abour, The thread (o 
laid,gives the Eleyation in the equal limb, from F. 


XX 1V. To find the difference of Longitude, 


I (C2 the DefleXion inthe equal limbe from, and lay 
thethread to it; & takethe leaſt diſtance From Btothe 
thread- Pur ane foarot this length in N, and apply the threadto 
the remoteſt diſtance of rhe other foot. The thread will then 
My in the equal limbe, the difference of longirude,if you count 
mr, 01 


.. 2 Count the deflexion inthe equal limbe from G : andto 
rhe thread there laid ggake the leaſt diſtance from B. Meaſurethat 
length upon the fide A B, from A ; keeping one foot therefined. 
| kom? inde egul unde andrake he aſt anc omyon 
rom £© 11 the Q and take t ance from your 
ſtandi 2 ro he thread Set one foot of this length in B» apply- 
ing the thread tothe other foot turned abour. The threeſo laid, 
gives the difference of Longitude in the equal limbe, from G- 

- Thus {fan Eaſt- or Weſt plain re-incline, here at Londen, 39 
degrees, it will have in De- 


LY " 


DILL How 40. ard rbe\ D/Ms. 
Deficttion —— -———47 deg. 26 mm. 
Angie from 1700 be———yy. 26, 
be 7 OG dog-'! 02. #9, | 

. of Long, — 70.1 4; wha ; T 
I XY XY. How to dram the Dial. 

Pon the backſide of your Quadrant, in the upper part of i, 
I, have lines ' drawn alcogether like thoſe on the 
foreſaid placed near the Quadrants center, the.uſe of which was 


The manner of” work in this propoſition is in moſt things ſui- 
table to that in the ſeventeenth, and will need no other di- 
reQtion- 
Oaly for placing the lines, Take notice. that 
The linc of 14 in theſe Eaſt and Weſt Re incliners, lyerh'al- 
te] ro the horizontal line of chEphain. So thar if 
he former figure of thefevenreenth/to repreſent one of 
Dals- then A B muſt be conceived ro He! hotizontal, and 
BC vertical.” All orker works witt be like co choſe in the ſeyen- 
The-fiyle in reclinerspoinreth upward, and the fibRylariat) 
the'hour of /6 do aſcend above whe line! of 14, {6 thick as 
Defleion: and angle from 2 > t0-6, cometo. The center of the 
Dial, is on the South endof rhe line'of 124 | | 
- The yic in wcl{nerspointath downwatd, 4nd theſubſtykr 
4tndthe; hourof:6-dowefeend bdtow'the line of 12, fo meh as 
the Deflexztidn:and! angle fromy 12 ro 6come unts- The hte 
d the Dialis on the: North end of the 3s actoct life; ' © 
| Theſe: things being: oblerved, you muſt! covar the” Re-in- 
clination of your plain Jacks og limbe on - — 
hand -towarg-therig oqacing 1.25 t Sarfſer: 
:there-lay 5hq thread and: keep: is Then obſerveihow & 
by zo the-cemer,” and-prieceed inrall things as in 


hat yout may finde rhe jaclinationof « plain by ay» 
one fide of your Quarkdantio the plans verticaFHne for 
thread; wilkeur Caen res AST | 
*. te equa] lionbe- beiogamabred from thic' fide of theQ' 


Xxx | drant 


60 ' To chav Eft aud Weſt re-tncltneny Dials, 
drant which coucheth the plain.— And for finding the” reellria- 
tion, you may lay a rulerto the vertical lineot the reclining 
face, and rake the inclination of the under {ide of ehatyuler, 
That inclination will be the ſame with the reclioation..) + 

Note alſo, that this here delivercd for.Eaſt and Weſt Re-in- 
cliners, isintended chiefly for drawing hours upon thoſe kinds 
of plains when you meet wichrhenupon Bodies ant 
For otherwiſe you will hardly ever ftinde any 4uch jult plain 
upon a fixed building, - | TI's 

Laftiy for a {cale of chords, which here,' and inſome ofthe 

ecedent precepts is required; you'may make uſc of. the cqual 

imbe of your quadrant. , 


XXV I. Tomaks an Horizontal Dial to any Latitude, _ 


?Iſt, draw the right lineB C, and cre&the Perpendiculat A 
H.. Then take from the. center ( on cither fide of your qazs 

drant)to the third hour upon-the fide A Cz and make A Hequl 
thereto, And draw F'H-parallel ro:B C;andtheliney K 7alfo 
juſtia the midſt of chem.— — Atrer this lay the thread to the 
laticudeof the plain counted inthe equallimbe: andtaketrom 
every point of the fide A C, theleaft diſtance rothe thread; and 
ſet cach of them down both waycs, namely; trom A to 4 andy, 
from Ato3andg,to2-and 10, and from A to r and 11. [Then 
take from the peinty upon the ſide A C, tothe thread, andicr 
that: length from K to 5 and 7 both ways. —Youhave'now no- 
thing more to da,but only; from H ro drawthe> hour-lincstoall 
the fore-named points : ſothe draught is caſt ly finiſhed:'' © © 

The ſtylc mult ſtand upori the line of x 2,and isto; be elevated 
according to-the plains: latitude: as che manner is inall Hori- 
zontal Dials. | | ' 

; ] The uſcof this propoſicionis to draw all Dials ina 

Latitude for any dire& op For, the® to 
nation com (in North re-ſacliners) 'with the poles El 
yation : or (in South dire& re-incliners) with the Equin! 
Altitude, will caſily give the plains Larirude : in the forked 
difference was the Elevation it ſelf: inthe latter ;: the 


| of the | jon. And this wi 


\ Tomake dn Horizoual Dial. 162 
2nd Weſt, and [o alſo for polar) ns oa which the pole hath 
no Eleyatſon:"the rwekty fifth for Eaſt and Weſt re-incliners: 


r—_ 


ITLE ; aIrgeo cr 
42007 (! 1 » LH / 
T A 


It % 
T9, 
* 
| + 
31k Mw 1 | _ | 
the eighteenth. tor full North and South erc&, - will furniſh you 
with wayes to draw Dials upon ſuch bodies, W 


plains have any ſuch of the forementioned AſpeRs- 
e211 uEXV 1+ To find the boxr of the Night by the Stars. 


of Es ars pan the Quadraas (one or other of them) will al- 
& ways be in a conyenient place of the heavens: that 1s, of two 
more hours diſtance fromthe meridian—Having then made 
ice of that Star that is fitteſt, look what number is annexed 
i9the name of it. Seek that number in the left margin of the 


Xxx2 fore> 


h - _ 


© 4 Jy 
Y8\ , Be Spare. 


fe reed 


+ part a quarter.The 
deof the uadrant, 


20a clock: andthe thread for 

NE cdreulnr ee no RET te 
the Bead at -E fhews the rime ofthe Ni 
D, that is, psſt) z0aclackabouthrand;s- 


x 
is 15 and 5 minutes: Of 20 win, pa 10at 


a 


-_ 


To fordwbe utnwf1h 


Weil v6 

tic is 1) at (oidr ht fat 

ke pant be | eckeekegefte 2 Of) ey 8, 4 
Example 2. Uppon the $ of Auguft, the Star «Aquila was ſeen 


on the oy de of che erl idian, and the hour of it was found 
2and+ a1 _ and; a quarter. Therthr 6. therefore being 
poke like Shar whnddive as'thelind the Bead (r- 

} bout amÞL quarter) wn S thpoine 

de the nexe bour«ine ot) the left bande bt G, Ar be called 
zaclock:and mon line F muſtbe 8 4'cloek; Ther; the thread be- 
Ingremaved ores "day of your mon=tb( Au2uſt-2, in the up- 


circular ular: ſiac of. J wilttye inthe line A B : ad the 
beadar KE=will lhew be hour of the Ni ghe( it you how your 


former —_—_ robe +; and half palt 1 a © ock, ForitF be8a 
clock LIP ex>refſed)then the laſt. hour of the limbe is 


11, is r2, the ſecond 1; beyond which, the Bead B is a- 
bouc of at hour. Thercfore the hour of the Night is : a 
clock 22 5. 

By theſe Examples the manner of the work will ſtfficiently 
appear inall caſes. 


T he uſe of the Altimetrich, Scale. 


eStale on the fore-ſfide of the Quadrant next tothe equal 
limbe is here called the Altimetrick Scale It is numbred by 
1,213» &C, to 10,20 30, &c.to roo. Each of which numbers arc 
beſt ſuppoſed tobe 100 fold; vis. 100. 200, &c.to 1900, 2000,XC» 
(010060 : and all the leſſer parts eſtimated accordingly. —— The 


ge hich you ſtat to make Your menſuration, isalfo 
—— pf hover,” 


x AT1BTe fiat aby big i er bel ' 
| our ſtati be at E ; and the. GghtsD A Heted iQ the: 
hy at F:; Kof-be &f hand ofi tha parts C & inthe mcaſu- 

; be-/x@membred:- Then mecg- 

ipAIE  theypinath, :Which is jaſftundcr F; 

pre. mult Si dbeeblbe thetoce 

odalet ; CUE. offs figures|td+ 

c a [ Dre ——_ isthealtitudeG BF. .Fo 
49t66G,, 0 Eche hoight-from:your- - hon 

us 


To caks Aliitudes and Diftavees. . 


Thus if the thread A Bſhould cut oft - CB 1500 
orcgecd E were 59 feet, The height G F would 
To5 | 


wh _ 
C5500 or 
I'L To finde part of an altitude. | 


Etthe length of FK be only required. Standi | 
IL nd the akitude GF, filithe ( cheagt 
t E, and find the altitude G X, by the laſt precedent. $oG 
taken fromG X, gives a X required.” 


- SEILLD . 
1 & 
= | 
FT { $7.7 5; 6534 


111. FTE VEN beighbbe fed a Sens,” BO, 


| Ba the beight EK be: Sandy ed andthe, pared iron 
red. Order your ſtanding Ochaetherwo wright P. they 

F, and the diſtance K, may all appear in one ri 

look what degrees the plummet curs off in 
Q. Count the ſame number in' the ſane li 

there lay the thread, as PT; Note then, what 

che: meaſuring Scale from Q co T. eras .þ 

H the known Alcicude : and from the p Tin 


es, the remainder or quotient, is the 
hy if thethreadP R quotions is off Sent, 


<<. _ Deo wo 


. Tolake different Altituder. - 165: 
» degrees, the ſamecountcd the other way:from Sto T in 
i ;  enbe, and the thread laid thereto, would give 667 in 
We ring ſcale. Thea FG being88 + frerand GH ((up- 
roſe.) five feer, FH muſt be 93 3 tcet. This multiplyed into 667, 
makes 62364 : from whence cutting away the three right hand 
hgures, there remains 52-364 or 62 5 fcer for the diſtance HK. 


I'V. Tofind part of a diſtance. 


Frhediſtance of K from Z wererequired, Firſt, find H K, then 
HZ, by the third precedent : their difference is KZ.;1fKZ 
werea trench, you might from the tower F, find the breadth of 

i without any approach unto 1t. 


V. To find « beight at two obſervations. 
| FH wereto bc meaſured, and the way from E to H were: 


cable,ſo that the diſtance of E from H could not be mea- 

ed, You muſt in this caſe make two obſervations. For which 
parpoſe, Take your firſt (ration at E, and dire the fights D, A, 
tothepoint F : noting what parts the thread cuts upon the e- 
gpl lowbe froo$ 4 Bj hep gobackwards i line,to 
petent diſtance, asto M; and there making a ſecond ſta- 

tion, obſerve (as before) what degrees the thread cuts upon the 
cqual limbe from N to O :(the zwe fights L, 1, being juſtly di- 
reted to the point F ), Then count theſe twoarks inthe equal 
limbfrom the contrary ſide of the quadrant,namely from D to 


Y, andfrom Lo « and applyi : the thread thereto, look what 
1 Yoagd!y. Take the le(» 


Kc Guts from 
Me uober of , out of the greater, noting the Difference. 
Meaſure alſo the diſtance of your two ſtations, namely from. 
EtoM, and add three cyphers to that meaſureyi This laſt num- 
der muſt (in this kind of work) be divided always, by the fore- 
noted Slorence : and the quoticnt will give the Altitude of -F 


Example, Let the firſt obſervation cur oft 38 3 gr. in the equa] 
limbe. The ſecond 56 7 gr. Count the firſt ark trom Do Y:: the 
thread there laid gives 1250, inthe meaſuring Scale» The (e- 
cond ſocounted from L to V, gives 667:The difte rence of theſe 
wo, is 583. Let thediſtance of the ſtations A E to 

1. he - 


yt -owich three 
'37 

ieiene COPIES forte 

ext een hole heig hed lbegy'y 

|| Note char"in theſe ticnlirrations, rhe point G i 
-toſtandin theſame level with the ener of —_ 
drant D and L, So that G H,DE; LM, are pete 
| height. And/note too, that the two ſtationary | 

y Band M; namely thats” which are joſt under *? 
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General Uſe of the 


CANON, 


And Tables of 
LOGARITMES. 


fox Ogarithmetique, is a Logical kind of Arithme- 
ll SOD tique,or artificial uſe of numbers invented for the 


BOX eaſe of the calculation , wherein each number 
SAM is fitted with an artificial, and theſe artificial 
W numbers ſoordered, that what is produced by 
myltiplication of natural numbers, the ſame may be eftefed 
bythe addition of theſe their artificial numbers ; what they 
perform by diviſion, the fame is here done by ſubtraQion : 
20d-{o the hardeſt part of calculation avoided by an cafic 
proſthaphezreſis. | 
.. Allthis ſhall be made plane by applying that ro theſe arti- 
ficial numbers , which I have ſcr down before , for rhe nſe of 
my lines of Numbers, Sines and Tangents in the' ufc of the 
Sor and Crofle-ſtaft, W herein the Reader is ro obſerve, 
that what is to be wrought by round numbers only , is beſt 
by Mr. Brigges his Logarithmes, but the Aſtronomical 
urt concerning arks and angles, by my Canon of artificial 


and Tangents. 
Aaas CHAP. 
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2 The general uſe of the Canon. 
C.H.A-P,-.1, + - 


Concerning the uſe of the line of Numbers I have | x 


et down ten general Propoſitions in the | 


Book of the uſe of the Croſſe-ftaff , Cha 
and thoſe may be applyed to the Table oh 


garithmes. 


P x 0 ”. © 
To multiply one Number by another. 


of bed is the 6th. Propoſition of the ten : or egand 


thecaſieft , add the Logerirhane of the ngulriplicator 


the logarithme! the multiplicand , the ſomot both hall a4 


the Logarithme of the produtt. 
As when we multiply 25 by zo, the produtt is 750 
{o here, add the log ch me of 25, viz, I,3979400t 
to the logarithme of 3o 1447712125 
the ſum of both will be 287506126 


And this is the logarithme of 7 50. 
In like AnNehs if we —_—y r0 by 10, the prod- is A, 


if 100, by 103 the produ is 1000, ſo 
The logarithme of 10 bein 1: 2000000 
 thelagarithmeot 160 ſhall he 2 ©0000c00 
I'600 3. ©©000000 
T0000 4.0000000d 


I 00000 5. 00080000 

And ſoforward : All intermediate numbers which have it- 
rermediate logarithmes. 

- If we multiply 101 by r0,theprodutt is 1010; f—_ t6, 


the odutt is 1020 : 
The logan3rhgn of 10 viz. hk 
added ro the logarithme of 101 2,004 32137 
gives the: lagar ithta of 1040 Scoot 
The ſame ithm of zo 7.00c | 
added to the ithme of roz 2.00860017 
gives the logarithme of 1020. 3.008600 17 


The- 


( 


and Table of” Logarithmes. 3 
- The difference being oaly in the firſt figure, andthat is al- 

wayes eſe by one than the number of places, in che number 

aven. As when we find the Jogarithm to be 2,00860017 the 

| Fifeure 2zis charaQeriftical,s.e. the Index,ſhewing that the 
"whole number 102 belonging to this logarithme, conſiſts of 
three places. If the logarithme had been 1,008600:7,the whole 
number muſt have been 10.2 conſiſting of two places, and 
the reſt a fraftion 22. 

It the Ilogarithme were 0.co860017 the number 
belonging to it would be 1. 02, 1+ I and 25+ And this i 
one of the reaſons why the differences were omitted in thefrft 

hundred logarithmes. All thoſe logarirhmes may be found 
aerwards under a larger Index. 

Again "it we multiply 201, by 5,the produR is 1005 : (0 
here : If we add the Iogarithme of 5 unto the logarithm of 
201, the ſum of both ſhall be the logarithme of 1005, and the 
ſum of the logarithms of 5 and 203 ſhall be the logarithm of 
tors, Thus the moſt part of the Table may be continued 


beyond 1000, 
P x o e., II. 


To divide one number by another. 
Opera thelogarichme of the Diviſor,our of the logarithm 
of the Dividend, the Remainder ſhall bethe logarithme 


ofthe Quorient. | 
As when we divide 950, by 25, the quotient is $0: ſo here 


fromthe logrichme of 750, viz, 2+87506126 
{ubtraft the Iogarithme of 25, 1,397 94901 
There remains the logarichme of 30, L+47712825 
In like manner, when we divide :1, by 4 the quotient is 24, 
{oherethe logarithme of 4, vis. 0.60205999 
taken fromthe logarithme of 11 1.941 39269 
leaves the logarithme of 2 4 ©. 4393 3272 


Wherefore, if it were-required to find the logarithme ofa 
ember with a fration — = o 2 2h, we _ 
|reduce it into an impr raQion of '2 (or rather of 535 
andthen ſubtract helen” F: 
Aaaa 2 Tf 


4 The general u/2 of the. Cinou 
Tfir were required co find the logarithm 0f a 


po 77 we may ore as pres Bur this tre ' ; 
eenan i, tne Ogaric me m be lefle than oy E LY 
_ an with Fro ſiga. » + oe 
»theJogarithme of 7; or 2 4 is + Card LEE” 
and the logarithme of =... [-:!:\/ pp WR 
Pxov. IIT. : "At Kb 
"To find the ſquare of a Number. bs : ] 
FJ! the logarithme of the-number given is the ſulllogs: No 
| pete ont pg SrIM Wi 7 
So the logarithme of r44 being 2-1 58:61 | 
the. baltthereof is . -, 12279008 4 $4 
the l»>garichme of r2 : andſuch isthe ſquare Root of 144 + by 
Then ty conyerſion, having excratcd the ſquare Rooggye a 


may ſoon find the logarithme. 


Asthe logarithmeof r0.0000 being I.oovecgos | 

the logarithme of the' ſquare R. 3 16227, is * 0.500 | 

and tor the Root of that 177827 0-25600000 | - tl 
P x © 8. IVY. | on 


'To find the Cabique Root of a Number, g 


Tv third part of the o___ thme of the number given) is 
che full logarichme of the Cubique Root, 1 non ade 
Sothe logarithme of 425 is © '2-0969100r* |: ? 
And z; the logarichme of 5 '0.6g897000 ; 
By the fame reaſon we may find the Biquidrete Ryot;/ by di. 
viding the logarithme of the number CE Th 7 


Woor, bY dividing by 5, and ſo forward. | 
And by converſion, having extratted the Root, we tay 


' ſoon findrhe logarithme. I | 
5the logarichme of '1ec0co, &c. is 1.00000000 | 
The 1ogar. of the'Cab,7R, 21 544 £33339 |; 


The lagarirhme of 100.000, Wc. 2-00000000 © | | 
whe logarichme of the Cubique Root 4641 e__ ih 


. : 
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= 
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Y\ oa: 
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anil Table of Logarithmer. 


Theo multiplying the ſquare and Cub:que Ryots one by an- 


uce infinite other numbers, and haye all 


: ther, we May pr 
p ' tir logarithmes. 
7 | $2 ? "hd P K (*] P V. 


I "Three Numbers being gtven, to find a fourth proportional. 


+5 His: Go/dex Rilethe moſt nſefut of all others, may be 
wrought ſeveral wayes,asit appeatsby this Example : 
+ - A$12;utro 244 fo 4 to a forth namber, 
# The ordinary way in Arichtnctique is by multiplication 
abddiviſion. For firſt they p ply theſecon1 into the third, 
y the 


+ y and then divide the produ [ 

F kere- multiplying 24 by 4, the produCtis 96; then dividing 96 

| by: the :Quoticnt willbe 8,-the fourth nomber here re- 
quired. ' 


I According to this way we add the logarichmes of the (e- 
 condand third, and ſubtra@& the logarithmes of the firſt, ſo 
| which remaineth , ſhall be the logarithme of the fourth 


ob 


- number required. 


Thus thelogarith, of the firſt number 12 is . 1,0791$1:5 


thelogarichme of the ſecond 2:4 1.38021 124 
0,60205999 


., the logarithme of the third, _ 4 
TY rect the ſecond and third logarithms 1.98227123 
' +» ſubtraQtrhe firſt, and there remaineth - 0.9031$99$ 
Andthis is the logarichre of $, the fourth proportional. 


r A ſecond way in Arithmetique is by diviſion and-mulct- 
a » For where the (econd number is greater than the 
wy 


wen y may divide the ſecond by the firſt, 
" plyr 
quotieot. is 2:.then multiplyiag-4, by 2,the product will be 
. According to this wa ping ey2 ithme of the firſt 
out of the .logarithme ofthe; ſecond',” and then add the diffe- 
rence tothe logarichme of the third. So the ſum ot this 2ddi- 
 Konſhall bethe logarichme of the fourth required: 


Thus 


firſt number given. As =4 


7. 
Tadu 43 

Yi- 
per , 


?., 
Quoriens 


and'theh multi» *-per 1.4+- 
ird by the quatient.. As here, dividing 24, by 12,the viſt multi- 


" pl'carus ins 
rertium, 


3. 
Quorien+ fox where the ſecond number is leſſe then the firſt; my 
r per t-bic divide the firſt by the ſecond) and then again divide the thin 


diviior 


_ being ſubtracted, ſhall giye the required 
As 


Te general uſe of the Canoe. 
T hus the logar. ofthe firſt number - 12 is: -.,, 
the lagarithme of the ſecond * * 
the diftcrence between the increaſing 
added to the logarithme of 4 
gives the logarithwe of 8 


0.9 0308gg} 
A third way in Arithmertique is by diviſion anddivilign 


3 by che quotient. As here,dividing 12, by 4, the quoticatisys 
r 


n dividing 24, by 3, the quotient is 8. 


According to this way we takethe logarithme of the 


cond, out of the logaricthme of the firſt , and then take the 


difference out of the logarithme of the third : ſo, tharwhich - 


500% ball be che logarithame of the fourth numbers 

uired. | 

n Thus thelogar. of the firſt number 12 is 0791812 
the logarithme of che ſecond 4 0-601 0599; 
The difference decreaſing 5 ny 
ſubtraed from the logarichme of 24 1.38021124 
gives the logarithme of x ©,903 8ggg 


Theſe two latter wayes by difference of logarichmes, may 
be conſidercd as the fame. Thanh there be forme Frog 
betweenthem , yet that may caſily be reconeiled , if we have 
regard to the nature of the queſtion. For three numbers being 

iven in dire& proportion , if the ſccond be greater than the 
f »the fourth mult be greater than the third : It rhe ſecoad 
be lefle than the firſt , the fourth mult be lefſe than thethird, 
and their logarithms accordingly. Bur in reclhecr gp 
tion , confidering the firſt and ſecond numbers tobe otong 
denomination, we arc to abſerve the contrary. 

If wedebre to turn ſubtraRion into addition, we may take 
the Boarithme which is to be ſubtra&cd our of the Kedne, 
and add the: complement: So'the ſum of this addition, the 


_ Thus 


>* en LES. ES. ER 


and Table of Logarithmes. "6 
" .Thusin the aft cxample : eoneng en the difference 
£97121 26 , out of 1.38021124 z the logart me of 24, We 
| $and the remainder to be 0,903 08998, the logarichme of ?, 


The Radix being 10.00C0O0C00 
the logarithmes ro be ſubtrafted 0.47712126 
"the complement to the Radixe 15 9.52287874 
This added to the logarichme of 24 1-38021r24 

_ gives us a compound logarithme 10.90308958 
Fromthis, if we ſuberat the Kadiwr, (that is, if we cancel the 
rſt fgureto the left hand) rhe reſt is 0,90308 998 


richme of 8, the fourth proportionalas before. 


4 the 
T1 BO _ this fourth proporuonal we may come ſomewhat 
neer to 


nd alogarirhme for a number of 6 places. 
Asif it were required to find a logarithme for this number 
$68624, the table will afford us logarirhmes for a lefler anda 
_ number; and then the intermediate may be found by 


hart ” rabeyy 7 in this manner. 
ere wehave the logarithme of $68 2.9385197} 
and the logar. ot the next following 86g 2-93901978 


andcherabular difference betweenthema 7 $rooy 
TtheTndex be fitted tothe number of, places 


- "thelogarichme. of 868000 ſhall 5-93851973 
and the logarith. of 869000 $-93901978 
diftcrence being 1000 50005 


«> ana ev of 868624 (the number given) 


thethird difference. will be 624. And having theſc.thregglit- 
ſtrences the proportion will hold. _ | 


As 1060 unto Feoans 
. $0 62 anto 31203 the part pro- 
| alto be added to the lefler logarithme $-93851973 
dſhall we have 5. 93883176 tor the Jogarichmerequited. 
Inlike manner, having a logarithme givea , we may find 
the value of irin a number of {1x places. 
As ifthe logarithme given were | 3+93983182 
VN wore required to find the number to which it belon = X 
| is k 


$ The general u/+ of the Canox 3 
This Logarithme is not.to be/found inthe Table; bittcligine 


ing the 'Iadex and maki KC 2.97 $8516. 
”"o che next lefler Log miciany af $68 is 29b5ugk E 
and the Tabular difference following \ 3000p | 


and che proper difference 
As the tabular difference , 59005 unto 190990 
So the proper difference '3r209g unto Gran 
the part proportionall to' be joyned tothe end of the forme. 
number 868 : (o ſhall we have 86862411. for the yalue oft. 
Logarichme. | Bur the Index of. the Logarithmebei 
number required muſt conſiſt of 4 places : vix.. $686,and 


reſt zfraion of 1,54 pe. 
This I fay is ſomewhat neer the truth. For this number he 
propoſed 858624 is the ſquare of 932, 4 


4 


he true Loga. of the Root 932 is 2.96 FW | 

Thetrue Loga.of the Square 868624 cores | 
Three number being given to finde a fourth tn 4; 
duplicated Proportion. "#0 


N queſtions that hold in a duplicated proportion between 
ines and Superficies.the Logarithmes for-lines el | 


be doubled,;the Logarichmes for lines required may be 
and then the work will be rhe ſame as in the firſt parrof the 
former Propoſition. : 
Suppoſe, the Diameter being 143 the content of the circle , 
was 154, the Diameter being 28, what may the contenthe?. * 
Here the queſtion-' concerns |þoth lin-s and: Snperficies, 
I double the Logarichmes of the two lines given; and! 
workas before in this manner, I 


The Logarithme of ' 14 is 1.146t 3803. 
the Logarithme of 28 1.447199}. 
(he tyrac ain ; ny bs 15303 
the Logarithme 0 154 ..* 2+18752072) 
the ſum of theſe laſt. 508183678 
SubtraR the double of. the fir(t, - 2,29229606; 


there remains the Logarithme of 616 278950077 


: 
ls 
% 
w_ 


» # 
» 
: 


x 


> 
i 


þ and Table of Logarithmer, 9 


» And ſuch is the content of the, circle here required, | 
3F e the content of a Circle being 154, the Diame- 
-F terofic was 14 ; the content being. 616, what may the Dia- 
| | merer be 

| | Herebeing one line given, and one line required, I dou» 
Seche Logarithme 'of the liner given, an4 then. working 
3 before, the half of the remainder ſhall be the Logarithm of 
© the line required. 


Fhus the Loga, of. - 154 is 2.18752072 


the Logarithme of 616 2.7895 8072 
the. logarichme of 14 1,14612803 


F t 
| Af F che ſame again. * 1-14612993 
Fr the ſumme of ch#(e three laſt 5.09183678 
ſubtra& the Logarirhme- of the firſt 2.18752072 
the remainder will be : 2.89431606 
the halt chercof is: ., 1.447 15803 


The Logarithme of 28 the Diameter required; 


accordingto the fecond manner of oppration, the gif. 
between the Logarithmes of lines given may be dou- 
4 the diftrence berween the Logaritmes of the contenc 
may be halfed, and then the work will be the ſame as in 
latter part of the former propoſition. 


x; Sp int e firſt queſtion, where the Diameters were given 
content required. 

t the Logatithme of 14 is. 1,14612803 

the logarithme of 28 1.44715803 

the difference increaſing _ 30103000 

jovor pre bgk eek ogg | 602e69c0 

"a added to the: mme ot 154 2.18752072 

gives the logarſthwe of 616 2.78958072 


Ia the ſecond queſtion,where the content of both the cirches 
Was known, andthe —_— M7 one required, 


The 


The general #6 of the Canon 


The logarithm of x 2.1 | 
the Jax wa; 6 is hon 
the difference increafing 60206000 
the half of this difference 30103600 
added tothe logarichme of 14 1,1461 236; 
gives the logarithme of _ 28 1.447458) 
Pxo#v VII 
Three numbers being given,to finde a fourth dn.« 
triplicated proportion. 


FT 'N queſtions concerning proportion between Line and I 
T6at the Logarithmes for lines given may be tripled ;the 
Logarithmes. for lines required may be divided intothre 
rts,and then the work will be the ſarme, as inthe firſt wy 
the 'rule of Three. | 


Suppoſe the Diameter of an Iron bnllet, being four inch 
Dy. + of it was nine pound;the Dianne eight 
inches,what may the weight be ? 


The logarichme of 4 Is 0.80205599 
the logarichtme of $ 0.5030bgz 
the Triple of ir 2.709469) 
the Logaritme of 9 09541445! 
the ſum of theſe laſt 3.66351247 
ſubra&the triple of the firſt logar. 1.868799 
there remains the 16garithme of yz  a:8573313 
and ſuch is che weight required. | 


Suppoſe the we ght of an, Iron butler being nine pound 
the Diameter was , inches q the weight teing cycnty 
wo pound, what may the Diamecer be ? 


Tie 


T tukof three, 


aud Table of Logariahmes. 11 


The Logarichmeof . g. is 095424251 
"the Lopatichme of ' 72 1.85733250 
the L Bckkme of 4 0.60205999 
thedonble of this again 1-20411998 
the ſum of theſe laſt 3+66351247 
the firſt log, ſubtrafed,there remains 2.70926996 
the third part thereof 1s 0.903038999 


the Logarithme of 8. and ſuch is the Diameter re- 
quired, 


dxgeeveding uaro the ſecond manner of operation in the 
| | difference between the Logarithmes of lines 
rg may be tripled; the difference between the Logarithmes 
the ſolidiry or wight given may be divided into three 
parts. 


| Soiothe firſt queſtion , where the Diameters was known, 


the weight required. 


The Logarithme of - 4 is 0.60205999 

the Logarithme of 8 ©-90308999 

the diflerence increaſing *  301030%0 

the triple of this difference 90309900 
added to the Logarithme of 9g 0.95434254 
gives the Logarithme of 72 1«85733251k 

In the ſecond queſtion, where the weight was known, and 

the Diameter required. 

The Logarithme of 9g is 095424252 

the logarithme of 7. . 1-$85733250 
the difference increaſing 903e8999 

the third part of this difference 301 02990 
added tothe logarithme of 4 0.60205999 
gives the logarithme of $ ©.903o8g998 


Bbbb 2 P ror, 
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' Px ov, VIII. 
Having two numbers given,to find 4 third in continuall propyy. 
tion, afourth, a fifth, afixt, and, /o forward. 
A Ccording to the firſt way in the rale of three! we ms 
ſubrrate the Logarichme of the firſt number, our 

double the Logar. . of the ſecond, rhe remainder' ſhall bethe 
Logarithme of the third, then ſ{abtrafting the'Togarithme 
of the firſt number again, our of the 'Logarithms of the 
ferond and third, that is. out of triple the 'Logarithme & 
the ſecond,the reminder (ball be the Logarithm ot the fourth, 
and fo torward. 

As, when we ſay: As1 nrito 2 (o 2 firito 4, andqumy, 
ands un'o 16, &c. becauſe the firſt numher is 1, thereisns 
need of d: viſion, but onely'to multiply 2 the ſecond number 
znto it ſelt, rhe podu$ gives the third proportional mim- 
ber ro be 4 : then multiplying 2 into 4, the fourth b 
onall is 8 and multiplviog 2 into 8,the fifth proportionalli 
16; and (o forward. So here the Logarithme of che firſt nuns 
ber being -,there is noneed of ſubtraftion., 


"Bur, tinding the Logarirme of 2 to be  0-y0102999 
the double gives the Logaricme of 4 ©.602 "5999 
"thetriple:givesthe Logarithme of 8 '©.90 3obggg 


the quadruple gives che Logarithme of 16. 1,20411998 
-and ſotorward 141 infinituw. : | 
In all other numbers that begin not with 1, wemay «&- 
ther (ubtrat the Logarichmae of the firſt aber, crete 
complement untothe Kadixs, 
As when the numbers given are 100 and 1c8, 
The Logarithme of the firſt N. 100 is © 2.000000 
- the Logarichme the ſecond 108 2.02 342276 
tromche double of this ſecond Logarichme 4.06684752 
ſubtralt che ficſt Logarichm, there remains 2,06684752 
The Logarithme ot #10 £the third proportional. 


, #j2io ſubtradt the brit Logarithme 2,0C 006000 
out of the ſum of the Logarithmes of 2,03342376 
"The (econd N. and the third Proportionoll 2.05684753 
there remainesthe Log: rithae, 2-0g927148 


—at- 


3-2-8 
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=" 


and Table of Logarithmes, FT 
T amwering unto 125 *Z the fourth number in continuall pto- 


According to theſecond manner of operation we may take 
-the difference between the Logarichmes of the rwo numbers 
en ;{o, this difterence applied to the Logarichme of the 
Fecond number,ſhall give the Logarithme ot the third Pre- 
portionall : che ſame difference applied ro the Logarithm of 
the third Proportionall, ſhall give rhe Logarichme of the 
fourth Proportionall, or the donble of this diffcreac. apply - 
dtothe Logarizhmeot the firſt number, ſhall.give the Loga- 
; xchme of the chird Proportional : the ttcble ofahis difierence 
applied tothe Logarichme of the firſt number, (ball give.the 
.Logarithme ofthe fourth porportional}: 'and ſo forward. 
Kia the former example. where the rwo numbers given 
-were tcoand 108, ſuppoſe 100 imcrealing to 108, and [0 yeer- 
Hyio contiguall proportion atcer the rate of 8 inthe 100, and 
tit were required to finde what-this 100-would grow un- 
toby the end of 20.yceres. 
The Logarichme of the firſt number 100-is 2.00:0 0.Co 


Fg 


.the Logaritme of ſecond 108 20324: 376 
the yecrly dificrence increaſing 3342376 


added tothe Logarithme of the ſecond, gives 2:066827 52 
the Logarichme of « 16 £4 tor the third Proportionall ; And 
. fach is the cncreaſe art rhe end of the (econ: yeer. 

Again,the (ame yeerly diftcrence added to the .Logarithme 
of the third Proportional, gives | 2.1002512$ 
the Logarithme of 1 25 2% for the fourth 'Proportional, and 
theencreaſe at ahe end ot.cherthird yeer : and ſorhe reſt. 

But becauſe the: queſtion is only otche 2<tb yeer without 
knowing the reſt, we may multiply the tormer yeerly diffe- 


rence 3J'q! $76 
by 20tſorhe difference of 20: yeers | 66847520 
added to the Log ot the firſt our. 100 viz. 2:cocooceo 
 \givesthe Logarithme of 40622) 2466847520 


'UWat19 456.1, 1.8. 11.d. fre. the ſum that 160 would grow un- 
20 by the end of 20 yeers at the rate propoſed, 

«In like. mance i( che ewo firſt numbrs given were 103 and 
Bbb5bz; 29c : 
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100 : Suppoſe 198 deereafing to the 100 and {ſo yearly incon 
tinua]l proportion and that it were required to finde what 160 
would decreaſe unto by the end of 10-yeers: Or (whichig all 
one ) ſuppoſe 100to be due 20 yeers hence , and that it were 
required to finde the worth thercot in ready money accord. 
ing to the former rate. _. ; , hel 
The Logarithme of the firſt N + 108 is 203344356 
the Logarithme of the ſecond 100 2,08000089 
the differences for the yeer decreaſing 3341756 
taken trom the Logarithme of 100 leaves 1.96657 
the Logatirhme of 92 *22 for the third proportionalland 
is the preſent worth of 1 00 1. duc at the yeers'end. : 
he ſame- difference ſubtrated once more lea 
I-9331 

The Logarithme of 85 22 for the fourth pr etlotuh 
and the preſent worth of roo 1, due ar the end of two yeers, 

The (ame diffrence multiplied by 20 makes 6684751 
and (ubtraftcd trom the Log. of 100, leaves 1.331524% 
the Logarichme of 21 44 that 1s 21 1.9.5. 1 d, and ſuch is the 
preſent worth of 100 ]. due at the end of 20 yeers: So that 
this preſent worth being taken forth of the 100 | principal 
debt, there remains 78 1. 1011 for the preſent worth of. the 
continued gain that may be made eicher of the loane of 
100 |]. or of 81. annuity after 2e yeers according tothe lors 
mer rate. 

If a leaſe of 1901 by the yeer, or ſuch other yeerly yet- 
ſion were to continue for 20 yeers, and that it. were required 
ro finde the worth thereof in ready money.. This mighthe 
tound upon the ſame ground of contiuuall proportion and 
that ſevcrall waycs. 

1 It appcareth before, that 100 1. due at the yeers end is 
worth bur 9222 in ready money : It ir be due at theendol 
two ycers, the preſent worthis 85 1. 13? : then adding theſe 
two together, we have 178 1. 2* for the preſent worth of 
100 |. annuicy for two yeers,and fo forward. 


2 Ir appeareth before that the preſent worth of 8$ponnd 
annuity tor 20 yecrs is 78 pound 5453 : and then it follows 


by proportion, 
y propo As 


«> Ss 
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As an Annviry of 3 l,co08 ©.90} of 999 

" Isto the worth therok 98-5452 1-89511953 
 9.9262954 

So-an Annuity of 100.9000 2.0000 9000 
unto the worth thereof 981.8147 2.99302954 


3 As the yeerly loane of 100 pound includes an Annuity 
& 8, pound , So there is a ſum equivalent to 200 pound 
vry . 


This fur equivalent may be diminiſhed according to the 
number of yeers as before: to the complement of the ſum 
AKminiſhed ro the ſum equivalent ſhall be the preſeat worth 
of the Annuiry-» 


As the yecrly gain of 8 0.99303999 
tothe loane of 100 2-00000000 

So an Annuity of 100 2.00000008 

to the (um equiyalent 1250 3-096g100x 

Then for diminiſhing of this ſum equivalent, we may 
untiply the former yeerly difference 3342376 
by 26, ſo the difference for 20 y cers 66347520 
taken from the ichme of 1250 3-096g18601 
there remaias the logar. of 268.18 53 2.4284348 7 


whoſe complement to r250. is 9$1.$147- that is 981. 1.16. $- 
fd. «band ſuch is the preſent-worrh of 1co pound Annuity 
20 yeers, at the rate of 8. in 100 per annum, 
The like :reaſon -holdeth for any other rate and time 
yropoled. 
Paosz IX. 


Having tro exireeme numbers given,to finde a mean 
Proportional between them. 


of rhe! _— he + we mie numbers : the 

4. | wn 

"merger ogarithme of the meanc 
As 


16” The general uſe of the Canon 


Asit the two extreme numbers given were $ and 31. - 
The Logarichme of 8 1s ''-* 0:903089g9 


the Logatithme of 32 | 'I:505 14996 
EE 
the ſumme of both logarithmes 2.498 13997 
the half of this ſum is 1.2041 1998 
tlic logarithmes of 16 : and ſuch is the ' mean proponing} 
here required. \ 3 
P R © ÞPs . 


Having two extreme numbers given, to find two meay 
Proportionails between them. © * 
yak the ordinary way of Arithmerique we commonly 
__y the greater extream by the ſquare of the leſſer, {y 
the Cubique root of the ProduR ſhall be the leſſer mean: 
then multiplying the lefler mecane into the greater extreme, 
che (quare root of the Produtt ſhall be the greater Moen Pra 
portionall) Or having found the leſſer - mean, we may find: 
the other mean by continyall progortion, 
Accordingly we my add the logarithme of the 
extremesto double the logarithm ot the leffer; fo thethird 
art of the ſumme ſhall be the logarithme ot the lefler mean, 
hen adding this logarichme ot the leſſer mean, to theloga» 
rithm of the greater extreme, the one half of che ſamme ſhall 
be the logarithm of the greater mean Proportionall. 
Asif the two extreme numbers given were Hand 17 
Addeto the logarithme of & ws, 0©.90308g9g 


the ſame again 0.90308999 
andthe Logarichm of 27 143754374 
the ſum of theſe will be 3+23754314 
the third part of this ſunam 1s 1.07918115 


the logarithm? of 12 the leſſer mrane Propertionall. . 
Addeto this-lbgarirhme of the leſſer means 107918123 


the logarirhme of the greater extream 1-43136736 
the ſumm-of both logar. will be 2+51054501 
and the halt-of this fumme is. 2-15527250 


the logarithme of 18,the greater of the wa mean proportio- 
nalls here required 


Or 
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- Or according to the ſecond maner of operation in the 
Rule of Three, (whichis the work thar I alwaics follow in 
the line of numbers.) we may rake the difference berween the 
I of the rwo extreme numbers, and divide this 
into three cquall parts, ſo the ſum ofthe þ 
rithme of the lefler exrtream and x parr,ſball be rhe 
of the lefſer mean :rhe ſumma of this ithrne of 
mean and the ſame x part, hall be rhe logarirhme of the 


Greater mean Preporiiena 


Fo the Logaritmeof 8 being ©.90309ce 
the Logarithe of 27 1-4313637 
the difference between them 5282737 
The third part of this difference 1760913 
added ro the Logarichme of 8. gives r.c791812 


the Logarithme of 12 che /eſſer wean. 

The ſzme added to the Logarirme of 12, gives 12552725 
the rithm of 18 the Greater Mean Proportional, 

And by the fame reaſon, if it were required to find three 
Mean Proportionals, we might divide the former difference in- 
tofour equall parts, and ſo forward. 

Asif it were required to. finde the firſt of eleven Mean 
Propertienals between 100 and 102. Or (which is all one,fup- 
poſe roo pound tncreafing in continuall proportion, {0 as 
that by the end of 12 moneths it came to 108 pound, and 
that it were required to finde what this 100 pound did grow 
unto by the end of the firft moneth, 


The Logarithme of the firſt extreme ro00 is 2.0000000 


the Logatithme of the ſecond 108 2,0334237 

the yeerly difference betwn them 3 3423 

The 12 part or monethly difference 2785 ; 
. added to the Lagarithme of r00 gives 2,0027053 
the logarichme of 100.6434930! the firſt of the cleven mean 
Propertian alt : and the grouth required. 


Then having theſe two, 100. and an 
ccc ther 
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ther with-198, the laſt of twelve, the orher intermediate tay 
be tound by continuall proportion as before. | 


This explication of my ten former Propoſitions may ferye 
for the frugall uſe ofthe Tabe of Logarithmes. Thoſe which 
require more may have recourſe to that Treatiſe which: 
mentioned before in the front of the Table, | 


—_— lit. 


mmm 


CHAP. II. 


Oacerniog the uſe of the Lives of Signes and Taman] 
have ſhewed in generall, inthe 7%. and 8% Chapen 
of the firſt Book of: the Crofſe-Staffe how they 
might ſerve for the reſolution of all Sphzrical Tris 
gles. More particularly in theuſe of my Sefor Chaps. It 
duced that which is commonly required in a (phericaltrian- 
gle unto 2Scales. And for theſe they may beall rclolvadby 
my Tables of Artificial Sines and Tangents withour the 
of Secants or verſed Sines. 

This manner ofthe work will be alwayes ſuchasin the 
ordinary rule of Three. For, here we have three | 
given, whereby to finde a tourth Proportional. And therefore 
cicher we may adde the Logarichmes of the ſecond and third, 
and ſubtra the Logarithme of the firſt ; 

Or we may take the differcace between the | 
of the firſt and ſecond,and apply that difference to the Log 
rithme of the third. 

The firſt of theſe wayes is belt for the reſolution. of right 
angled Triangles where the Radins, viz. 10,000000 is onedt 
the three numbers given : But the ſecond way, by diffcrevces 
is more convenient for the reſt, 


The like manner of worke may be obſerved when weare 
co conſider the Sines or Tangents of De , Minutes, 
Seconds For the Seconds, notexpreſſed in the Canon, Willbe 
qoadb the part; proportional : as I will ſhew .inthe cXam- 

ing. 

: {fir wererequired to finde the Signe of 51 gr, 32% 15 4 
"SO; 1Bne OL FT gr, 32+1, 


The: 


tre C2, nny TH2 
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The Sine of 51 deg. 32. wm, is 9.2937452 
-the Sine of 5r deg. 3 3-m. 9.8938$455 
the Tabular diflerence between them 1002 


Then the difference between 22 mw, aud 33 wv, being 6o Sc- 
conds, the Proportion will hold, 
As 609 Seconds unto 1003 
So 15 unto 251 the partpropor- 
tionall ro be added unto the Sine 51 deg. 32 mv. 
So ſhall we have 9-$937703. for the ſine of 51 deg, 32 + 
5 ſeconds : 


2 [fit were required to finde the Degrees, Minutes, and 


Seconds belonging to this Tangent 10.0999782 
[ ſhould finde by the Canon that this is fomewhat more then 
the Tangent of 51 deg. 32 wm 10.0999134 
lefle then the Tangent of 51 deg. 33 ». 10.1001728 

The Tabular difference between theſe is 2594 

and the proper difference is 648 
between the lefTer of theſe Tangents, and the Tangent given; 
therefore. , 

As 2594 unto 60 Seconds, 


648 nat 15 And ſo, I finde this 
toberhe Tangent of 51 deg. 32m. 15 ſeconds, 


3 If it were required to finde the ſine belonging to this 
Tangent 19-©999782, I ſhould finde the arke to bc ſomewhat 
more then 51 gr. 31 »», andthe fine corre{pondent ſome what 
more then 9.893745 2, then raking out the differences as be- 
fore,I finde, that 

eAs the Tabular diflterence of Tang” 2394 34139700 


isto the proper difterence 648 2.8119750 
6023950 

. Sothe Tabular difference of Sines 3003 3,001 3009 
tothe part Proportional 251 2.3999059 


This part proport. added unto the former Sine, 9.8937453 


gives 98937703 for the ſigne required., 
6 Cccc 3 T helc 
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Thefc iſes conſidered Icome tothe 28 Caſes before 
l Co EET 
each Caſc,and theſe for the moſt part the ſame which 1 uſed 


nutes,may take thar Sine or Tangent which they finde 
nes in the Canon;and negle the ſeconds. EATEN 


IN 4 RECTANGLE TRIANGLE, 


1. To find: a fide by knowing the Baſe andthe © Angle 
oppoſite tothe inquired ſiae.. | 


As in the ReQtangle triangle CY 
ACB, whercin A ſtands for the | 
EquinoQiall point ; AB, an Arke 
of the - Ecliptique repreſenting. 
the Longitade of the Sun 3n 
the beginning of &, B C anarke 
of the Declination of the Sun from 4 
the Equator, and AC aa arke © 
ofthe &quator repreſenring. the right aſcenoſin of the: Sun 
inB: Knowing the Baſc A B to be 30 gr. and the Angle 
on 23 gr, 31 9. 30s if it were required to finde the {ide 
B 


DMS 
As the R adinn the Sine of go © © 10.0000000 
istothe Sinc of the Baſe 30-0 © geOghgreo 


Sothe ſine of the oppoſite angle, 23 31.30 y-6011352 


tothe (ine of the {ide required 11. 30 43. 19.3001053 


And ſo writing the Sine 9.600105 x in a paper by it (elle 
and holding icto the ſine of the baſc in the Canon 1 gre2-3.45- 
and ſo forward, it would be no long worke to write the ſum 
ina columne by it ſelf, and ſo find the declination for cach 
Degree and Minute of the Ecliptique. 


2.7 


Thoſe which have no further uſe bar of Degrees and wi. | 
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2 To fide a ſide by knowing the Baſe and 
the other fide. 


As'in the ReQtangle ACB having AB 30 gr. and BC 
11 gr-30 w- 43 #, to find the fide A C+ 


Asthe coſine of the fide given 11 30 43 9-991 1749 


is tothe Reading go © © 10 ©3500000 
Sothe coſine of the Bale 39 © © 99375306 


tothe coſine the ſide required. 27-53 43 \ 949463566 


3, Tofinde aſide by knowing the two oblique Angler. 


Asinthe ReRangle A CB, havisg C A Bforthe firſt An- 
gle 23 gr- 31 99. 30s, and ABC for the ſecond 69gr- 20 w. 
35:,to finde the ſide A C, 


ks the fine of the next angle 23 31 30 9.6011352 


istothe Reading go O©.0 10,0000000 
Sothe coſine of the oppotite Angle 69 20 35 9.3474918 


to the coſine of rhe ſide required 27 53 43 9.9463566 


'4 To finde the Baſe by knowing hoth the /ider. 


As inthe ReQtangle AC B, having A C 27 53 mw.as 7. 
BC, Il gr. JO: 437, to inde the Bafe AB. © 53 435 and 


As the R xndine DO © © 010,0000000 
to the coline ofthe one fide 27 53 

94635366 

$ the coſjne of the othe fide 1,30 Fe Loo +. wn 

tothe coſine of the Baſe. 30-00 00 9,9375306 
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5 To fine the Baſe hy knowing, one fide andthe Augie 
|» Oppaſeeara. thas fide. 


As if ia. the former triangle 4 C B we draw BD. an 2 
of the Horizon for the Latitude © LET 30, reputing the 
amplitude ofthe Suns riſing from the Eaſt, we ſhall have two 
Triangles more,.onc Retangle/B C D, tho ocher.| Oblique 
drangled 4 BD. and ſo in the ReQangle D CB, having 
BC 11 yr. 30 wm. 43s. and BDC 38 gr. 30, m, it it werere. 


quired, to finde the Baſe D B, 
As che ſine of the angle, 33 zo' 0 9.7941495 


ro the ſine of the ſide 11 30-43.” $9-2001952 
So is the Rading g0 © © 10.6060000 


to the-ltne of the baſe 18 41 56 _ . 9.5059556 


6. To find an Augleby bnowing the other Oblique Ault 
and the ſide oppoſite to the Angle required. 


As in the ReAangle ACB, having Þ AC. ey ;1 m, 


39s.and A C 27yr.57 mw. 445.to finde the angle 4 B 

As the Redine l 90 o' © |'1,0000000 
rothe ſine ofthe angle given |. 123 37; 3® | » 9.601135 

So the coſine of the fide 27 53 43 99463566 


to chejoofine of the angle requized 6g 2, 35 19-5474 


7, To find an Ang/e,by knowing the other Oblique "Hmgie, 
| and the ſide oppoſite to the Angle given. 


Avinthe Reftanigle 4 C B,havitig'B AC 23 Fe 31 9,304 
and BC r deg. 30 m.43.4. to finde thnangle ABC! 


As 


FYx M0 


and 'Pable of Lognrithmer, "WM 
| gothe eofine of the ſide 7 30"47 * popri74 


cothe coſine of the angle'giyen* +23 52 560 WET” IT 
$6 is the Redias >. F-64684. 


rothe figne of the angle required 6g 20 35 99711413 
8. To finde an Angle byknowing 1hd Baſe, and the [ide 
| oppoſite to the angle required, 


Asin the Reftangle BCD, having BD 18 gr, 41 m.56 £.and 
BC 11 7. 39 9.43-5,t0 finde the angie B D C, 


As the fine of the Baſe 18 41 56 9.555000 
isto the Radix: 90 © © ' 10,0000000 
Fo the fine of the oppoſite {ide 11 30 43 9.3001052 
tothe line of the angle 38 30 © 9.7941495 


Theſe eight Propoſitions have been wrought by fines alone ; - 
theeight following require joint help of Tangents. 


9. To finde a fide by knowing the other ſide, and the 
Anzle oppoſite tothe ſide vequired. 

As inthe ReQangle AC B, having AC 27gr.5399:42 7. 
andBA C 23 gr- 31 m. 30. to finde t c {ide BC oY 
And the R adine g9Q © 0 16.0000800 
tothe ſine of the (ide given 27 53 43 946701113 
$ the Tangem of the oppolite angle a3 31+ 9+388199 
tothe Tangent of the lide required. 11 3o 43 19-30893 11 


19. To finde 4 fide by knowing the other fidegand the Angle 
next the fide required, 


Asinthe ReQangle BCD, kaving B C41 er-20w, 43 5 
and BDC 38gr. 30m-tofiade D C. " ir 


As 
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Aothe Thagene © the angie 38 30's | 
- to angent of the fide given 11 30 47 go; 
So the Radine oo «a 


rothe fine of the fide required, 14 50 iz 9.4639 
11. To findea fide by knowing the Baſe and the Angle next 


Oe ELIERCENEgAT Wpocaney 


23 2$Y.-31 W.305, to finde the fide A 

eAs the Rading - : 90 © © +.  T0-0000086 
to the colinevf the angle. 23 31 309 _ 9.962315 

So the tangent of the Baſe 30 © © 976195 


tothe Tang. of the fide riquired. 27 53 43 197237566 
12 To finde the Baſe by knowing beth the 
As inthe Refttangle A C B,havingB AC 23 gr.31 #0, 
ABC 69 gy. 20 #. 35-5. to finde the Baſe A B, 


As the Tangent of theoneangle - 23 31 39 9.6:38199 


to the cotangent of the other 69 20 35 94763905 
So the Radins go © © 10,0000000 


to the coſine of the Baſe 30 00 9937556 
13 To finde the baſe, by knowing one of the ſides and 
the Angle next that ſide. 


eAs inthe ReQangle A CB, having 4 C 27 gre 53 94'4 
and BAC 23 gr. 31 », 30 .to finde the Baſe A B. 


As the coſine of the angle . -23 31 3o . 99633 
is to the Rediw |. 90.0 © 10.0000000 
So the Tangent of theide 27 53 43 993147 


tothe Tangent of the Baſe 30 © ©  g.1614394 
14 To 


As 
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14. To finde an Angle by knowing both the fraes. 


inthe ReQtangle «A C B,having A C27 gr. 5310-43 7. 
BC 11 gr+ 1000 43 7, tofinde the angle ABC. 


Asthe ſine of the next ſide 11 30 43 g.3001052 
is tothe Radize. 90 © © 106.,000c000 
Gthe rangent of the oppoſite ſide 27 53 43 947237547 
tothe tangent of the angle 69 20 35 10.4236495 


15. To finde an angle by knowing the Baſe,and the ſide 
next the angle required, 


As inthe ReQangle B C D, having BD 18 gr. 41». 565. 
andB C11 gr. 30 m. 43 5. to finde the angle BDC, 


Asthe tangent of the Baſe 18 41 56 9g.5 9508} 
tothe tangent of the (ide It 30 43 9.089311 
Jo isthe Radins 90 © Oo T10,c000000 
tothe coſine of the angle 53 © 46 9.7794243 


16 To firde an angle by knowing the Baſe and the 
other oblique angle. 


As inthe ReQtangle A C B, havingrhe Baſe AB 3ogr. and. 
BAC2;gr.3r1 m-30sg. to finde the angke B A C. 


As the coſine of the Baſle 320 0 © 9.93700c0 


isto the R 4414 | 90 © © 10.00000Cc0 
Sthe cotangent of the angle given 23 31 3010,3601801 
tothe tangent of the avgle required 69 2035 10-4236495 


Thefe 16 Ca(es arc all that can fall outin a ReQangle tri- 


angle: thoſe which tollow do hold in any Sphericall T riangle 
whatlocyer, 
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Tnany Spherical Triangle whatſoever. 


19. To finde # fide oppoſite ta a1 an Ven, bnaning 
one ſide and rw angles the Kaſs vock 
the ſide gruen, the other, to bs 
Fae required, 


As inthe triangle A BD), having AB 3o gr, BDC ;$ 
».andBAD 23 gr.zr 01,70 5. to fnde the {i e BD, : ob 
repreſenteth the amplitude. z 


As the ine of the next angle 38 39 0 | 
tro the Gne of hicoppaſite fide Jv © © pe 


ns —eeeeenes 


951 
So the ſine of the oppoliteangle 23 3x 30 g,Gottzy 
co the (ine of the fide required 18 qr 56 $+5059557 


Or changiag the ſite of the two middle termes, 


As the ſine of the next angle 38 30 00 gu79gnyyy 
to the ſincot the oppoſite Angle 23 3r 30 9.601352: 


19701 


So the ſine of the ſide given 30 oO © gbglgo 
to the ſine of the ſide required 18 41 56 — 9.505959 


Ando writing this difference 1930143 in apaperbyit 
ſelf, and holding it roche fine of the fide in the Canon 1p: 
2,3445,and ſo forward, it would be no long work to {i 
tra, and write the remainder in a column by itſelf, and fo 
finde the amplitude for cach degree and miaute of theRclip 
riquec. 

Dc,ia ſtcad of the ſubtraQing this difference, we mightfirſ 
take the ſame out of the Redine, and then add the comple- 
ment as Iſhewed before, in the generall cxplication of the 
Rule of three. 


18, 71 


=SSBSTESSECST 


wk” 
— a. 
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19. Toffnd: an Angle oppoſite toa frdegiven,by knowing one 
Angle and two fides, the one oppoſite to the Angle 
given, the other to the Angie required, 


As in the triangle Z PS repre- -- 
ſencting the Zenith, Pole, and Sun x 
where Z ÞP is the complement of the 
Latitude, P'S, the complement of 
thedeclination,Z S, the complement 
of the Suns alticude, P ZS, the Azi- 
muth ; Z PS, the hour of the day 
from the Meridian,and Þ $ Z the 

le of the Suns Poſition in rd 
atthe Pole and Zenith:having PZ3, r 30 gr. 3 v.11 + Þ S qogr- 
and Z $ 4© gy. to finde the angle ZPS. 


As the {ine of the next ſide, 70 © © 9.9729858 
istothe ſine of his oppoſite angle 13003 11 9.883g9153 
890705 

Fthe ſine of the oppoſite ſide 49 © © g, 8080675 
tothe ſine of the angle required 31 34 26 9.7189570 


19, To finde an Angle by knowing the three fids. 


Asinthe triangle Z P'S, havingZÞ 38 gr. 30m. PS qo yy. 
- RA 40 gr «to find the angle ZPs , ſubtending the 
e&S, 


_ 4s the ReQangle conteined under the fines of the fides, 
1$to the (quare of the Radims : , 

Sothe Retangle conteined under the ſinesof the half-ſum 
ofthe three ſides, and the difference between this half-ſum 
and the Baſe, | 

to the Square of the coſine of halt the angle required. 


Dddd 2 
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The Baſe ſubtended is 40 Gr. © Mi. 
' The two ſides including 38” 730 
the Angle | 79 © 
The ſum of the three ſides - 148 _ 350 
The halt-ſum of theſe three, '2s ::4 8) 


» Thediff. between this & the baſe +34 15 
Here for the Square of Radins we take 29,0600000, tothit ye 
adde g9.9833805 the (inc of 34 gr. 15 m. and 9.7503579 the fine 
of 24 gr.15 ws. Which make 39.7337 384- 

Then for the Reftangle of the (1des, we 24d 9.7941 495 th 
ſine of 38 gr. 39 mand 9.9729858, the ſine of, 70 gr. which 
make 19.7671253+ This we take,ourt of 39-7337384 and there 
remains for the Logarithm of the (quare 199666031, thehalf 
thercot 9.983;015 we finde to be. the coſine of 15, 4714; 
And ſo; the whole angle required is 31.-34'« 26”. h 

Or for ſuch numbers as are to be ſubtratted, we may take 
them out of the Redime, and write down their Complement, 
and then adde them rogether with the reſt, the manner of the 
work in cithec way will beſuch as followeth, 


40- gr. OO 
38 30 9.794495 2058505 
70 - 99729558 270141 
9151-7 BEST: 
74 I5 9-9831805 9.983385 
34 $ 9.7503579 9.1 593579 
20,0000000 
79-73373384 
19-96660) 1 -9.96560z1 
9 9333015 15. 477 137,' og. 98339015 


Jl. 34. 26. 


In the the like mannner we may finde the angle PZS t» 
be 130 gr.3 m, 11 /. and the angle Z SP 3ogr. 38m, 
13 ſeconds, 


20. Te 
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20. To finde 4 fide by knowing the three Angles; 


I for either of the Angles next the fide required, we take 
the complement tO 180 gr. theſe angles will be turned into 
$des. and the ſides into angles. Then may the work bethe 


ame; as in the former Propoſition. 


As in the triangle Z P'S, knowing theangle ZP'S to be 
1. 34 + 2640. PZS 130. 3 11- and VAI 20. 28! 11 if 1 
were required to finde the fide ZS oppoſite to the angle 
1Ps, I wouldtake 130 3” 11” out of 286yr. the remain- 
der will be 49 56 49 

Ther, asif I had a triangle of three known fides, one of 
11 34” 26, another of 30728” 11 and the third of 49 56" 497 
[would ſeek the angle oppoſite tothe firſt of theſe (1des, by 
the laſt Propoſition. 


Sothe angle which is thus found would be the fide which 
here required, 


Thus here the aagle oppoſite is 31 24 _26- 


thelefler of the nexr angles 3o 28 11 9.705079g0 
the complement of the other 49, 56 49 9.8839153 
the ſum of theſe three 111 59:26 

thehalf ſum 55 59 43 9.9185490 
thedifter. from the opp. angle 25 25 17 9.6164170 
the lum of double the Radins and 2 0,.00600000 


> — _—— — ——-  — — 


the fines of halt (um and difference is 39: 5349660 
take hence the fines of the next angles 19.5889943 


there remains for the ſquare 19.9459717 
, thehalt whercot is 9.97:9858 
the coſine of 20 gr. 0' and {© the {ide required, 40 gr. © mm. 
Theother ſides may be found in the ſame ſort; but when we 


howeither three des and one angle,or three'angles and one 
idethe reſt may be tound more readily by the 17 or 18 Prop. 
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21. To finde a fide, by having the other two fide, 
8nd the angle comprehended, 


This aud the proportion tollowing arc beſt refolvedby 
rejocing rhe oblique-anglc triangles given, into two Reta 
gles, 


7 


py 


? 


'S 


Asin the Triangle ZPS, having ZP 8 & 3©', PS 
e/and ZPS 31gr-:4 28 to finde the fide £8. 

In that we have ZP and ZPS, we may ſuppoſea 
perpendicular ZR to be let down from the angle at Z 
on the greater fide P S: So if ZP'S the angle given 
lefſe the go gr. it will fall within che triangle ; if more 
then go gy. 1t will fall without the triangle, upon the fide 
produced , and divide the triangle given into two Refs 
gles ZRSandZRP, Wherein 

: We may finde the quantity of this perpendicular by the 
firſt Propoſition of Sphzrical 1 riangles. 

2 We may finde the ſide P R either by the ſecond;or tenth, 
or rather by the cleventh propoſitjon : which fide PR will 
givethe {ide RS. 

3 HaviogZR andRS, we may finde the baſe Z S, bythe 
fourth propolition, as Iſhew in the uſe of the Sector. 


Bur here for variety I will ſhew how the ſame may be 
done at two operations, both in this and the reſt of the caſes 
following, without knowing the quantity of the perpendi- 
cular. 


1 As 


—m 
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| As the Radims or fine of Z RP go & or _ 19. c000000 
tO che coline of the angle Z P R Jl 34 26 9.930423} 


 Gthe tangent of the ide ZÞP 38 30 © g.g005052 


tothe tangent of the arke — 34 7 306 I19,8310275 


; Asthe colinc of EM. 30, 949179342 
tothe coſine of ZP 38 zo © 9.8935443 
243599 

Grhe coſine of RS 35 52 30 9.9086438 
tothe coſine of ZS 4o © © g.88415ty 


22 To finde a ſide by knowing the other two fides andone 
angle next the fade required. 


Asin thetriangle Z P'S, having ZP, 38 3&/and Z $ qo gr- 
odandZ PS, 31 34" 26” tofinde the lide PS. 


1 Finde the arke Þ R by the eleventh Propoſition as 
before. 


2 Asthe colmeof PZ 38 3& of 9:9935443 
to the coſine of PR 34 7 30 _ 9:9179342 

243899 
$ the coſine of Z$ 40 © © 9.8842539 
tothe coſine of SR 35 53 30 9:9086438 


23 To finde a ſide by knowing one fide, and the two 
angles next the ſecond ſide. 


As in the triangle ZP'S, having ZÞP 38 30m. ZPS, 
3 34 w. 26 ſ, and ZPS 30 28m, 11 [. to finde the {ide 
$, 


1 Pinde the ark PR as before. 


2 Asthe rangentof ZSP zo 28 mn 9-7696236 
tothe tangent of ZRS 231 34 26 9-788 5745 


— 


189510 
$ the fine of PR 2M 7 56 g9-74896 7 
tothe ſine of SR 35 $2 30 97679127 


24 To 
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24 To finds a ſide, by knowing two angles, and the 


fide incloſed by them. 


As in the Triangle Z. Þ S, having Z P 38 z0mZPg 
34 9.26 ſe.andPZ $130 3w# 11 ſe. to finde the fide ZS, 


1 eAsthecoline of PZ 38 zo! of 9: 8935441: 
is to the Radinu 90 © © 10,0000090 
So the corangent of ZPS 31 34 26 109.2114 
tothe tangent of PZR 64 18 50 1 043178910 
2 As thecoſine of SZR 65 44 23 9.61351 
to the coſine of PZR 64 18 50 9.63691 
ED IN  23uh 
So the tangent of Z 38 30 © y9g-goodon 
$ 


P 
co the tangent of Z 


25. To finde au angle, by knowing the other two angles, 


and the ſide incloſed by them. 


eAs inthe Triangle ZP S having Z Þ +8 20m. ZP$ 
21 34m. 26/e, and PZS 130 3m. 11 ſe.to finde the angle 


40 © © , 9-923Uy 


Z SP. 
1 Findethe angle P ZR by the 16th propoſition as before, 
2 As the (finc of PZR 64 18 50 9.95412 
to the ſinc of SZR 65 44 21 9.959845} 
——— 
$0 the coſine of EPS .. 36 34 26 9.9394133 
ro the coline of ZSP 30 28 11 949 354554 


26 Tofinde an angle, by knowing the other two angles, 


and one ſide next the angle required, 
Asinthetriangle ZPS, having ZP 38 gr-z0w,Z PS, 


2180 
34.9, 


-— 


Fa + IN 7 hes _ LE 2 
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14 9, 26 ſe, and ZSP 30. 28m, 11 /e. to finde the augle 
PZ 9» 

r Findethe angle P ZR as betore. 


s the coline ZPS 31 34 26 9.930422} 
Le colice of ZSP 30 28 1r* 9+9354554 
| FO3JZTI 
Þthe line of PZR 64 18 56 9+9548122 

tothe {ine of SZR 65 44 21 9:9593453 


27 To finde an angle, by knowing two fides,and the angles 
conteined by them, 


As in the triangle Z PS, having ZP 38 20m, P $70 gr.aud 
PS, 31, 34%. 26/. ro findethe angle Z SP. 


1 Finde the arke P R 23 before. 


2 Asthe ſine of SK 35 52 30” 97679127. 
tothe ſine of PR 34 7 30 97489617 
189510 
Fthe tangent of. ' ZPS 31 z4 26 9.7885746 
tothe tangent of Z SP 30 28 11 9 .7696236 


28 To finde an angle, by knowing two next fides, and 
me of the other angles. 


ASinthetriangle Z P $ having ZP 38 30m, Z $40 gr-and 
SPS 31, 34 ”, 26 ſe. to finde theangleP Z $. F 


Ecce 1 Finde 
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: Find theangle P ZR as before. 


2 Asthe tangentok ZS 4 © © 9-923$1 
ro the rangentof ZP 38 30. © 9 wo. 
— 
0 232083 
—— 
So the-cofine of PZR 64 18 50 9.636931 
ta the colineof SZR 65 44 21 9-61372z 


Theſe-28 Caſes are thoſe which I ſet down intheuſe ofthe 
the SeAor, and all that are commmonly required in a ſphari 
calliriangle. I will here aid rwo more, to ſhew how thy 
which isfound before, by the 22,23 , 26, and 28, Propoſition 
may ſometimes be found more caſily, viz. 


29, To finde aſide, by knowing the other two fides , and 
their oppoſite angles. 


As inthe triangle 7 P S, having PS 70 gr. andP7ZS$ 14 
3-. 11 /. rogether with Z'$ 40 gr. and-Z PS zr. 34 m-26ſ,t0 
fade the third fide Z P. 


As the ſine of halt the difference of the angles given, 
ro the ſine of half the ſum of thoſe angles : 

$2 the tangent of half the difference of the ſides given, 
to the tangent of half the {ide required. 


30. To finde an angle, by knowing the other two angles 
and their oppoſite fides. 


Fs inthetriangleZ PS, having the former partsP$, P75, 
£$S,andZPS,to Fnde the third angle Z SP; 


Asthe fine of half the difference of the fides given, 
co the fine of half the ſum of thoſe ſides ; 

Sorhe tangent of half the difference of the angles given, 
tothe cotangent of half the angle required. 


CHAP. 


3-5 3 i 


S 
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CHAP.III. 


Sines and Tangents, I ſhewed how they might ſerve 
for the reſolution of right lined Triangles, whereof 1 
ſet down five propoſitions, in the gh. Chapter of the 
feſt Book of the Creſſe-Sraffe. And theſe alſo may be apply- 
dto the Table and Canon of Logarithms. 
The ſides of theſe triangels are meaſured by abſolute num» 
hers, and ſo repreſented by Logarirhms. 
The angles are meaſured by oy. 7; and minutes,and ſo 
tobe found by fines and tangents in the Canon, 


Pxo vr. I. 


Having three angles and one fide, to finde the 
other two fades, 


T: itbea ReQangle Triange, wherein one ſide about the 
right angle being known, it were required only to finde the 
ather, this might be readily done by Sines and Tangents. As 
inthe Reangle A I Biknowing the angle B 41 tobe 43,20/, 


andthe fide A Ito be 244, if it were required to findethe 0» 
ther fade R 1. 


Asthe Radixe ( the tangent of ) 45 gr. 0 w, | 100000800 


(emiens the joynt uſe of the Lines of Numbers, 


—_— 


isto the tangent of theangle 43 20 9749195 
S0is the fide given A q 244 == 2 3873898 
tothe fide required BI 230 12,;62109} 


But where both the other ſides are required, it is beſt 
done by pk and Sines. «As inoke ſame ReRan- 


le A IB, having the three ang! 
pts ing glcs and the fide 4 I, to finde 


Bece 2 As 
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; Asthe ſine of the oppoſite angle ABI 46 49 98617575 


is to the ſide given Al 244.000 2.3873898 
7.4743676 

So the fine ofthe ſecond angle BAI 43 20 9.8 364770 
ro his oppoſire fide BI 230% 2.362109 


As the ſine of therhird angle AIB 90 o r0.0000008. 


to his oppoſite ſide AB 335 V 2:5256323 
The like hold tehalſoin oblique angled triangles. 


eAs iathe Triangle a B D(which I propoſed formerly as an. 
w 


example for the finding the diſtances) where knowing the di- 
ſtance between A and D) to be 100 paces; the angleB A Cto 
be 43 20m». the angle BD 4 122,0r the outward angle BDC, 
«8 gr.and conſequently the angle 4 B D oppolite ro A D the 
fide given, to be 140 40. m .1t Was required to finde .the 
diſtances A Band DB. 


Gr. M. 


As the {ine of the oppoſite angle A BD 14 49 94934554 
is to the {1de given AD 190 #* 2.0800000 
74934554 
Sothe fine of the ſecond angle ADB 58 of 9-+9284204 
to his oppoſite fide AB 334%? 243249650 
And the fine of the third angle DAB 43 26 9.8364770 
to his oppoſite {ide DB 271 *% 2.433026 

P xo ov, II. 

Hgving two /idet,and one angle oppoſite to either of thoſe 
ſears,to finde the other rwo angler, 
and the third ſide, 


A” inthe triangle: ABD, having the two ſides AB 235 
"paces;and AD 100 paces, and knowing the angle A D B 
= whi 
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ghich is oppoſite to the {1de A B, to be 122 pr: of the qutward 
BDCtobe 58 vr. it it were required to finde the other 
woangles at A and B, and the third {1de BD, I may firſt 
tnde an angle A B D oppoſite to the other known ſide AD. 


asthe oppoſite ſide AB 335 222 2.5250448 
nthe fine of the angle given A DB 58 & 9.9294204 
7.4033756 

G is the next (1de AD 1o= 2.0co0co0 


nthe ſine of his opp. angle ABD 14 555 9.4033756 


Then knowing theſe two angles at D and B, I take the in- 
ward angle ABD 14 59 50” /. out of the outward angle 
BDCs8 o' and ſo finde the third angle B A D, to be 43 20f 
lo /: So having three angles, and two ſides I may well finde: 
thethird fide B D by the former proportion, . 


eAs + 
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As the fine of the firſtangle ADB 58 gr. 0m. 
is to his eppoſite {ide Y AB 6g > oy 


033 
Sothe (ine of the laſtangle DAB 43 20% Rr 
to his oppoſite fide DB 271 2-4331277 


© of © As < * 


Having two ſides , and the angle between them, to finds 
the other two angles, and the third fide. 


JF the angle conteined berween the two ſides given be a right 

angle, the other two angles will be found readily by tan- 
gents and Logarithmes, As io the reftangle AT B havi 
__ age A I 244, and the fide IB, to finde the angles at 
and B, 


As the greater ſide | AT 244 2.387388 
isr0 the leſſer ſide IB 230 2.3617278 
So the Radixeythe tangent of 45 gr-0” 10,0000000 


to the tangent of the leſſer angle 43 185 9.97433%6 


But if it be an oblique angle that is conteined between the 
ewe ſides given, the triangle may be reduced into two reftan- 
gle triangles,and then reſolved as before. 

As in the triangle 4 D B,having the ſides A B 33 5,A4D roo, 
and the angle B A D43; 2&,to finde the angles at BandD, 
and the third fide BD. Firſt I would ſuppoſe Lay rag 
D H to be ler down from D, the end of the lefler (1de , upon 
the greater ſide A B:: ſo ſhall I have two reangled triangles 
DH AandDHB. Andin the re&angle A HD, the angle 
at A being 43 20” the other _ A D H will be 46 4% by 
complement,and with theſe ang cs and the fide A D, 1 may 
finde both A H and D Hby the firſt proportion. Then taking 
A H out of A B, there remains H B tor the ſide of the ReQan- 

ole DHB, and theretore with this fide H B and the orber 


DH, I may finde theangle atB, by the former por ot 
this 
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, rtion, And with this angle and the perpendi- 
POP!” I may finde the third fide DB, by the firſt 
gwopolition- 
Oc having two ſides and the angle between them, we may 
de cheother two angles withour, letting down any -perpen- 
feular, in this mannes _. 
As the ſum of the two fides given, 

is to the difference of theſe fides 
$ the tangent of half the ſum of the two oppoſite angles, 

to the tangent of halt of the difterence berween 
thoſe angels. 


WV -[S/&S£ 


= ww $S Pe 


Þ here having the ſide AB 22x 


and the other ſide AD _no0. 

the ſum of theſe ſides is 435 2.6384892 

and the difterence of thele ſides 235 22719678 
The angle conteined BAD is 3 :0' 267 4274 

the ſum of the two appolite angles Tag 40". 

the half ſum of theſe angles 68 20 10,4009092 


2d by propor, and halt difference y3 40% 10.1334878 
This 
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"This half ſum and (half difference make 12 203the. greater 


angle, 
Prxor. IV. 


Havin g three ſides, to finde the three ang, 


FE: Et one of the three lges given bethe baſe, (but rather the 
greater (ide) that the perpendicular may tall withinthe 
triangle. Then gather the ſugar and the difference of the ty 
ſides, and the proportion will hold. 


As the baſcof the triangle 
rothe ſum of the lides 
So the difference of the f1des 
to the alternate baſc. 
This alternate Baſe beiog taken forth of the true baſe, if 
we let down a perpendicular from the oppoſite angle, ic ſhall 
fal upon the middle of the remainder. As inthe triangle ADB. 


The leſſer ſide AD 100 
The other ſide BD 271 
The baſe of the triangle AB 335 2. 5250448 
The ſum of the ſides 371 2.5693739 
The diffcrence between theſe ſides 171 2-23 29961 
;  andſothealternate baſe 1s 18922* 242773382 
i. Fhis taker out of 335 leaves 145524 
he halfe whereof is 


- 4 73 $1?. And fuch 
is the ſegment A H, the ditgnce between the angle at 4,and 
the perpendicular .- Sothat having.drawn this I- 
cular, we have two re&tangle triangles DH 4Aand DHB,in 
which having two. fides,andthe right angle, we may finde 
the other avgles by the ſecond proportion; | nM 


Theſe four propoſitions ma ſufice for the reſolution of 
the ſides and anglcy inall right lined Triangles, 


Pxon 


angle and-the difference between them 14 : 93 the leſſer 
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and Table of Logarithmes. 4 41 


Prnoe. V. 


Having the Baſe and Perpendicular in a right-lined Trian- 
gle, to finde the ſuperficiailcontent, 


e perpendicnlar may be found by one or other of the 
{ former propoſitions , and that, being known we may 
the: ſuperficiall contene, As in the Triangle A D B, ha» 


for 
ler 


x tag the Baſe A B 3 35, and the perpendicular D H 68545- 
Oo Fl the number of 2 @+3010703 
tothe perpendicular 68. 545 1.38259757 
_ $+5349457 
þ the baſe 335 2-5250448 
tothe contenc 11481 '2} 4.059990 5 


Or,if we would finde the conteat without knowing the 
cular, we may put twoor more operations into one, 
ziatheproportion following. 


| Pxoe. VI. 
Having two ſides of 4 right-lined Triangle, and the ans(s 
between them, to finde the content 


| berg the ſine of the angle, and the Logarihtms of both 
| the ſides, from the ſum of theſe ſubtract —— 10.30 10300 
 JFhtheremainder ſhall be the Logarithme of the content. 
ksinthe ttiangle A D Byhaving the fides A B 335,AD,1 00% 
adthe angle B A D 43 gr. 20. 


The fine of the angle 43 gr-20m.is 9g.8364770 
te Logarithm of the fide A B 4 2.52 —_ 
teLogarithm of the fide AD 100 2.000 00 
The ſum of theſe make 14. 3615218 
tom which ſubcra& the ſolemn Logarichma — 10,3010300 
bteRemainder will be 40604918 


the Logarithaa of 11494 the _ required. 


PROP. 


The gtntral iſe of Fit Cadili 
Prxore, VITI. 


Having thiee Arigles , and one fidt of a right lined 
. Triangle, to finde the content. 


ADde the double of the Logarithme of che'fide given; and 
the fines of the two next angles:from the ſum of theſe ſub- 
tra&t the ſum of 1#.3010300, and rhe fine of the oppoſite 
angle, ſo the Remainder ſhall be the Logarithme of the'cot- 
tent, . 

As inthe Triangle AD Bſuppoſing the angles B A Ctohe 
34D,:0m. BD Atzz2D-om. ABD 14 gr. 40m, and thefide 
AD to the 160 parts. 


"The Logarithme of the fide A C 100 js 2©;0000d0 


the ſame again | 20.00080d 
The fine of the angle B A C 47 27+ 20! 9-8364770 
The ſine of the angle BDA " 9-9284104 | 
Theſume ottheſe four make 23-7640o14 Þ ; 
Againif we ade the ſolemiit Logatithnic  - 10;30i6300 

tothe {ine of the-oppolite angle - 14/pr- 40 9:4934554. 
Theſum of both will make r9,7044354 
W hich ſubtrafted from 23.7648974 leave 4.0604tio 

the Logarithme of 1 1492 the content required, | 

Pxrxoe. VIII. 


Having the three ſides of a right-lined triangle, 
to finde the content, 


Flrſtſer down the three ſides,the ſum of them, *and the half 
Sum. Then from this half ſum ſubtrat cach fide leye- 
rally,and note the differences. That done, -adde the Loga- 
richmas of che halt ſum, -and theſc differences the half thief 
"ſhall be the Logarithme of the content. 


Thus 


T3 Toa ras: 


= "= Wwe Wc” He 6 & -& 


and Table of Logdrithmes, 
. AB 
us in the triangle $0 B bt 


4 DB.the three fidesare Jar 166 
teſum of thefe ſides is 706 
half ſum 352 35477747 
difference from AB 18 1,2553725 - 
ediffercnce from DB $2 1-9138138 
difterence from AD 253 24031205 
The ſum of their Logarithmes 8.119981 5 
ndche half thereot is 4-05 99907 
the Logarithm of 11481 22? the content required. 
Proe,. TX, 


Having the three fides of a right-lined triangle, 
to finde the Perpendicular. 


AS inthe former triangle A D B, to find the perpendicular 
DH. Firſt, find the content of the My, = by the former 


woportion , then may the perpendicular be found by the 
wayerſe of the Y. Propoſition, 

lsthe Baſe of the triangle 225 2.5250448 

tothe (uperficiall content. 1148122 _ 4.05909 $97 

| 15349459 

Joalwayes the number of 2 0. 3010300 

tothe perpendicular 6847 1.8359759 

P R '#] P. > 


Having the Semidiameter of a Cirile, to find the Chord 
for any Ark propoſed. 
Ad if in protraKing the former triangle ADB,it were requi- 
red to find the length of a Chord of 43 gr.20m. agreeing to 
the Semidiamerer A.E,' which we ſuppoſe to bez inches. T his 


might be done by the firlt pro portion, for if the chord were 
fif 2 drawn 
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drawn from EtoF we ſhould have atriangle E AF of three 
angles and two fides known. But, more gencrally compari 
the ſine of 30 gr. with the ſine of balf the ark propoled, the 
proportion will hold. | 


Asthe fine of the Semi-radius 3cgr. OW, 9.6989700 
ro the Semidiameter z*- 0.4771217 
9-2 218488 

Sothe ſine of halfthe ark 21 $7,409, g.567268g 
to the Choard required 2 0.345401 


So that having drawn the line «A E, and deſcribed ane. 
oule ark of a Circle upon the center «A , and Semidiameter 
A E,at the diſtance of three inches, if we take out two inches, 
and 215 parts of 1000, and inſcribe them into that ark from.E 
to F, the line A F ſhall make theangle FAE tobe 43,10 m, 5 
was required. 


Thus having applied that to the Canon and table of Lo- 
garithmes which I had ſet down before for the generall uſe 
of the lines of Numbers, Sines, and Tangents, it may. ap- 
pear ſufficiently, that, it we obſerve the rules of proportion 
{et forth by others, and work by theſe Tables, we may uſe 
addition inſtead of their multiplication , and ſubſtraſtion 
inſtead of their diviſfion,and {o apply theſe geuerall rules to 
infinite particulars. 


= — m— 


CHAP. IV. 
Conteining ſome uſe of right-lined Triangles 
inthe pratiice of Fortification. 
[- the late manner of Portification the ordinary 


CAre 1s. 
1 That the angle of the Balwarke may. be cither a 
right angle, or neerunto it, 


2: That 


"a TYE_. SEN. | 


 _ 
4 | - -—Y 


and Table of Logarithmes. 45 


|, Thatthis angle may be defended from the flanque and 
:101 cither fide. | 
he F } That the lines of defence may not excecd the reach ofa 
Yugkec, which is ſaid to be twelve ſcore yards, and thoſe 
20 foot. 
ws That the depth of the flanques and the bredth of the 


' be ſufficient to reſiſt battery ; and that may be a- 
3s Your 100 foot ar the ground. ? 
n theſe conſiderations mom the reſt of lines and an- 
9 : whereot I will ſet down (ome Propoſitions , beginning 
t Fiihthat which way reſolve the works of others, 


PROP. I. 


Having the ſide of a Regular Fort, with the 
* {length of the Gorge,the F lanque and the 
Face of the Bulwarke, to finde the 

| of the lines and angles. 


Regular Fort is that, which is made with equall Gdes and 
angles, each Bulwark like unto other, 
Suppoſe, that by obſervation or otherwiſe, we have found 
tatina ſquare Fort, the (ide was 700 foot,the Gorge 146, the 
ue 100,and the Face 335 : Ina Pentagonall, Hexago- 
ull, gonall, as in this Tablc. 


| |» | Quadr|Pentay| Hexag Hepra, Oft ag: 
| The ſide A B | 700 | 00 | 9$uo | 9i0 | reco 
| The gorge AD |\ 140 | 180 | 190 | 200 |* 230 
| The flavque DE | 1co jt 2@ | 140 ; 150 158 
The face EF 235 | 252 | 7950 ! 360 4201 


— — 


And that it were required tofindethe reſt of the lines, and 
equantiry of the angles belonging to each Fort, beginning 
nith the quadrate. 


Firſt, 
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Firſt we may.protraft this Fort, by making a {quare whoſe 
fide A B ſhall be 700 foot by the ſcale : then take but 140 for 
the gorge, and ſet them oft from A unto D, and from A unto 
H: atDand H raiſe two flanques perpendicular to the fides 
of the Fort, and there prick down 1co from D unto E, and 
from H unto G.- That done, take 335 our of the- fame ſcale, 
and ſetting one foot of the compaſſes in the point E, make an 
occult arke of a circle. Again, ſetting one foot of the com» 

aſſes in the point G, make onother occult arke, crofſingthe 
ormer in the point F ; So the lines, EF, F G ſhall repreſent 
the face of the Bulwark. 

In like manner, for the Bulwark at B, we may ſet offthe 
2orge from B unto N, &c. So have we diverſe triangles 
which may be reſolved by the firſt three Propoſitions 
right-lined criangles. And the maner of it fhall be {o ſet down 
as that Precept may be caſily diſtinguiſhed from the ex- 
ample, and applied to any other, not only by this Canon and 
table of Logarichmes , but by the old Canon of fines and 
tangents, and by the the lines of fines and rangents both upon 


the S:&or and the Crofle-Nattc. [ 
1 In 


_— a« ES 4 


" att Table of  Loyaridhmes. 47 
+ Tithe Reftangle 4 Þ By having the fides A D, AE» 
: Bag the 9 at A and E, andthethird fide A E, 

\rche former part of the third: Proportion of Right-lined 


* | ke the Gorge AD 140 2.1461 2$06 
R theFlanque DE . 1c0 2-0000000 


S $66 R dine go Oo &” 10.0000000 
the tangent of DAE I5 3x 9-85387 20 


Tike the "mf DA E ont of gogy. the complement will 

Srethe arigle D B At and then , havingrwo ſides and three 

ſes, we ray well findethe third fide A Eby the firſt Pro- 
tion of the righe-lined triangles. 


"Aitheſine of DAE 35 3:2 +9.7643592 


wothe {ide DE 100 2.0000000 
$the line of A'DE go & © 16,0000000 


whe fide AE 172 247 2-2356458 


: Fecauſe the Fort is ſuppoſed to be ſure, the angle 
HAD, muſt be go gr. and the half angle CAD as pr. it 
T adde this angle CAD unto the angle DAE and 
Ukethe ſum our of 180 gr. the remainder 99, 27 } ſhall be 
Weangle E AF. Then in the criangle E AF, having the 
angle at A, and the two fides FE, A E, we may finde the 0- 
Werangles ar EandF, by the third Propoſition of right- 
lined riangles. 


As the face EF "335 2.52 50448 
tothe fine of EAF gg 273 9.9949502 
7.46900 54 

$o the line AE 192 4? 2,2356459 
wthe fine of AFE 30 26) 9-7046513 


Adde this angle AF E, to the angle EAF, and take- the 
moutof 180 gr. the: remainder 50, 6, 3'*ſhall be the avgle 


AEF 
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.AEF. And then we have two ſides and three angles, to find: 
the head-line A F. 


As the ſine of EAF 99 274 9.9640501 
to the face EF 335 2:5250448 Un 
\ 7-4 69005 
$ the ſine of AEF 5o 65- 9. $848g5$ 
to the head-line _ AF 60 15 2,41 58904 


3 It weproduce the face F E untill it meet the cortin in 
we ſhall havethe triangle A F O : wherein, knowing the fide 
A F, and the three angles ( for, knowing two angles , the 
third is alwaies known by the complement unto 180 gr.) we 
may finde the other two ſides F O, A O. 


As the fine of AOF 14 33 48" 9g.4004548 
ro the head-line AF 260 ©£ 2-41 58904 
yy 

Fo the line of FAO 45 ff of g.8494h5o 
to the line FO 733 *  2.8649206 
Andthe ſine of AFO 20 26 12” g.70465r3 
to the line _ AO 524 2 2-7200869 


Take the Gorge N B 140, ont of the fide eA B 70c, therere- 
maines 560 for the line «A N. Take this line AC) out of AN, 
and there remains 35 44 for ON that part of the cortin from 
whence the face of the Bulwark may be defended, 


4 Inthe triangle A F N having two (ides A F, AN, and 
the angle between them F A N,, we may finde the other two 
angles at F and N;by the later part ofthe third Propoſition of 
right-lined triangles. 


As 


| 


gt 


= = 


ox x 


and Table of Logariehmet-+ 4s 
Asthe ſum of che fides A F, AN, $208):  2.914to50 
tothe difference of thoſe (ides 299 4 2.4763245 
the tzngent of the half ſum of the 437780x 


BA 


04 , ; 
woolite angles at F and N, 22 30 9.6176153 
"J! wn half the difference 8 3657 9$-1798340 
4 Yewcen thoſe angles: 
3 Þ This half difference added to the half ſum , gives the grea- 
) | 2nd ſubtradted, the lefſer, ANF 12 535 
e Yhithefineot ANF 13 52 48” 9.3805 157 
e tothe head-line AF 260 {fs 2,41 58904 
: 6+96462 53 
ſhe ſineof FAN 45.0 @ 9.84948;0 
wehe line of defence F N 767 = © $848597 


4 lothe triangle 4B C we have the fide A B,and the three 
,to finde the fide C Aor CB from the center tothe 
agle 2t the Fort, 


ks the ſinc of ACB 90 0'0 ('10:0900000 
the ſide AB 730 * 2.8450930 
Fothe ſine of ABC 45900 _'9.8494850 
totheline AC agg 2-6945830 


© T Thisline A C added to the head-line A F,. gives the whole 
I CE from the center of the Fort to the uttermoſt -point ofthe 
lulwark to be 75 5 ** 1, 


6 Inthe triangle CFL ( theſfide FL being parallel to 
' FI 4Bthe fide of the Fort ) we have the three angles and the 
BY (QCF; \/ epona bn finde FL the diſtance berween 
| | fiepoints of the rwo next Bulwarks. 


As the ſine of CLF 45 0 © 9.8494 850 
tothe line CF T55 = 2-878 2498 

; | Stheſine of FCL  9go00 _10.00c0000 
tothe line FL.. ,1068.464 30287648 


Geee X Thus 


#0 Thagenerall'uf7 of the Canon, ; 
© Phas by reſolving of fat triangles weave found. '- - » 
fe loflea FoGorge DAE” gx de” 


theangle of the Bulwark ' - ''GFE. - 60 153-24; . 
the, angle, | FED-, 104 3348, 
eagle ANF, L.3' $3149; 
| | ” How 
The tengch of che line AE 172 047- | 
the head line | AF 260 540 
the line on the Cortin ON 25 o8v 
the Line of defence FN. /, 767 1131 4/14 
the (emidiameter + CA 494 975. | 


the linefrom the center to the Bulw, CF 755 525 

the diſtance berween the Bulw. F L 1068 464 _ 
the ,principall Lincs and 'angles belonging to the Bulwark 
at, 5.2.5 £34 i 1 Wo 


The reſt of the lines arc cither' parallel unto theſe; or elſe 
they may be found inthe ſame manner. ; 

And alltheſe may be underſtood by the ſame in the ret- 
of the Bu/warkes belonging tp this Fort, | 
- * Again, Whats (aid of a. ſquare Fort, the ſame maybe ap« 
plyed to all regular Forts, S 

Ando; re{olving the works of other men, it may.appeat 
how neetthey- havecome torhe former grounds, | 


- Bur that We-may not altogether inſiſt upon cxatnples, I 
wilt ſct down forme profitable ſuppoſitions, and 'from them 
proceed. to finde the reſt of the lines and angles belonging'to. 
any RegularForr. 


\ x, Theatigle atthe ceater A. CB; between the lines C A, 
C Bdtawn ftom the Center to each Bulwark. is found Ft dis 
dividing 360 gr. by the number of the ſides. So in a quae 
Foir,chis angl- will be 90. gr.) In-a Pentagonall Fort, Wert 
there are five ſides, it will be fÞ gr. &c. 


2 Take this an leat the emer, out of 180 a, there re- 
'M4jncs che anplv'ot fort H AD. ITO. 


3, The 


and Table of: hogarithywes. : FP 
\ Theangle AD Ebermeenthe flinque and the Corcin, 
pheaſway poygniynnli wile udgot mints Wh goon 
' The uttetmoſt "angle6f the- Bulwarke*E F G,: miiit be 
\ then the angle of the fort, yet, not lefle then 60 £r00P 
kicnecd to be much more:then- go|gr. If we allow it © 
of the angle ot the fort;.it; may ; be:detended: from che. 
wcand Cortin on cither-dide.. |; ; :-: | 


ty 
; The angle at the Gorge DAE, which formes the 
ue D E, may be allowed between 35- and 4o gr, For in 
f regular Forts it bell be 40 &rs But where the angle of. 
fort 15 » it,may beJjefle. EIST SS 

Thefe eangles/cing fart ferled, the woſt-of;zhe arher 
ages will depend upon them, as in the Table follgwing. 

'0r howſoever there may be other angles taund: tobe more 
aqvenier, yet theſc are ſufficienc ro,cxplaiu the uſe-.of tri- 
agles- © 


i 


——— 


bs a Kegular Fort. (5— — 


Gr, M, Gr M. Gr. M, Gr. __ G: M. Gr, 


——— 


at the Cemter © eACBgo 
the Fort H A D: 
whe of the Flanque WDE gd 0g - 0/90 go ''10/g0 0.90 
leaf the Bulmarks ' Gf £60, i 07h —_ ; oy ,q3/g0 090 
of the Gorge 'D At\go ov 038 6,37 o[26. 035 
of HeADi:s CAD. ;; 0/54 O60. 064 17(67. 30 90 
GFE «& AF E30 036 040 ' o/qz yilgs: co 45 
of CAD is iD AF\135\.0/126 o120:61r543}11830 90 
of CAD leave AOFis 018 oz0 or 25/22 3045 
w of ecAOF wOED7x 072 #70 0.68 35167, 045 


072 o60 oi 25/45 00 


> ——— —— 


52,., 9,53 : 0154. 2.55 
58, 058 26152 3080 


lement of D A £ is nAE D)5o, 051 
wt of DEF leavernAEFl;* 057 ©& 
ed A FE give FrA Egg og & 


% 
aha 


iE 


> hy — S T'i FT% 


Gege 2 PROP. 


Qua dc, ohne. hae wo. OR ag Cortin. 


$0 "0 168.0/120 v/ta834/135 0.180 © 


wof OED i; DE Firogs 0/108 910 SILI2e 11220 125 
© 


087 08: | 078'43h6 3055 


- | 
O 


6 
O 


Oi 
Of 
O 
© 
© 
© 
| 


© 


4 


Tad yezeral w/4 of chi Cann 


7) 
bog, {pn oo: 2 T1! 7 4 4p erp 


Having the ordinary angles, with the Flanque and line of deftncegy, 


. | finds the reſt of the liner; and angles, in a regular Fore... 
Sg ce the/ angles to-be ſuch, as in the former 


e'depth of the flanque D-B 100 coor anda EN 


defence F N 726 foot; and that it were required, to finde 
the reſt of the lines and angles belonging'to' a Pantagy- 
nal] tort, ( f ; 

' 1: Inthetriangle ADE, having thethree angles and the 
flanque DE, we may finde the eng? of the gorge AD, 
and the line AE, The angle of AD Eisalway 90 gr. by, 
the fort Reing Peatggondll, made with fiveBalwarkes at the 


five angfes,7 etable gives the angle D 4 Ebc 39 gr. andthe 
angle AEDs 1 gr. wherefore, *' 
As the ſine of DAE *'* 39 & of? 97989712 
tothe flange DE 100 2.0000000 
| " | —— 77983718 
Sathe ſine of . AED Sr c* &”" g,. 8965016 
tothe gorge AD 1238 2,09163cf 
eAnd the whole fine ADE: 99 © I 9.00@0000 
tothe line © ©. ALE 158 2% ' 2.201132 


2 In the triangle AF E, having the three angles andthe 
fide A E, we may find the face of the Bulwarke ÞF E; and the 
head line A F.. 


As the ſine of ., AFE 36 © © 9.769186 
to theline » . AE i158” ' 2,2011281 
7. 5680904 

So the fine of - FAE $70 0-, 949994044 
totheface  . FE 269 25 2-4313140 


And thefine of - AEF ,. 37.0.0 ..& : 914 
ad-line  4F 4 226, "a — ij 
tbe bane AF O, having the three angles ndthe 

ge, A F, we may inde the other two ſides, F Oand AO, k, 


2+3F55OT9 
—— — 


7-134981 3 
FAO. 12600, g.9074576 
FO 593 2 2.7729763 


AFO 26 & & g.7692186 
BENE Nine A oO 438 2s 2-6347373 
"4 Inthetriangle AF N, having the head-line A Ftheline 


F N; andthe angle F A N, we may finde the other 
toanglesar N and F, and the third fide AN, 


I:theline of defence FN 720 2-$573325 
"tothe ſinc of | FAN, 126,00. g9.9079576 
bal 7.050675x4 
ſhe head- line AF. 2267: 2.3555010 
. tothe lineof , - ANF 14 45 33. 94061261 
- Thisangle'4 N F added tothe angle F AN, and the ſum 
ddobeaken qut of 180 gr. will-give the third angle AFN, 
kithe fine of FAN 126 gr, © 0.,9.9079576 
- tothe line of defence - FN dus-7-'7 2-$5733235 
 7.05062x51 
Gthe fine of AFN 39 14! 294 » 9.8011178 
tothe line AN 96228 : 2+7504927 


Having this line A N if we adde the gorge N B, or A D,the 
ſum of boch ſhall be the (ide of the fort A fy 
[fwe take the gorge 4A D,ourt of this line A N,.the remain- 
{&rſhall be the cortin DN. | ol 
Again if we take the line AQ, out of this line AN, the 
temainder ſhall be O N, that part of the cortin from wheace 
the face of the Bulwarke may be detended, And ſo here 


The length of this line . - AN being 562-98 
[the gorge AD 123.49 
"the fide of the fort - © AB bhallbe 686.47 
+ thecortin ©" - DN 439-49 
Again taking the ine AO 431-26 
"from A N, there remains O N 131.72 


J att 
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; fri A IC, having the three a 
- 3 T mo of AB the of che for we np ik 


1;the ſemidiameter of the circle inſcribed, and CA, 
the ſemidiameter of the circle circumſcribed about the fore. 


As the fine of | ACI 36 & o''” 9469 
' "tothe line Al 343 2 25335915 

| J=2336271 
So the fine of CuAl 5400  9:9079576 
> totheline CI 472.4225 26743505 
And the whole ſine CIA go 0 0 , 10.0000099 
©* rothe fine CA 583.9466 2.766374 


This line C A added tothe head-line A F-gives the diſtance 
CF berween the center of the fort, and the uttermeſt point 
oftieBulwarke. : 95P 

6 If rhis torr ſhall be incompaſſed witi a ditch,” whoſe ut- 
termoſt ſides ſhall be)parallell ro the: face of the Bulwarke ; 
{uppatng-thisditch to be ofa known breadch'( and that'may 
be about . 100 foot }) we have the triangle F 2X; Thou: 
knowing the three angles, and the fide F 2, we may findethe 


neFX. 
'ASthe finecof  FX2 36 e © 9.769218 
- Tito thebreadth-line © F2 * © 'r06 2.-0900c00 
"Soirhe'whole fine — F2X '-g0 00 10,0000008 
eo the:ling FX - ! 17022 2-2307814 


| This lige F X added to the line CF,gives the diſtanceCX 
berweenchecenter of rhe fort,and the utrermoſt corner of the 
ditch: andſo berc, , iy 


The lengrh of the head-line AF is bars 226,94 
* theſemidiameter CA $83-95 
Both theſe make the line CF $10.6 
adde unto this the line FX a 
$o,CA,AF,FX make CA 6 - \g30.89 


7 Inthetriangle C Y X,kaving the three angles and the fide 
C X, we may finde the two other ſides CY and XY. | 


j 
| 
| 
| 
| 


£ 
A, 


Q 
v6 
k 
£ 
6 
5 


] 
= 
0 


c 
t 


bd AS. — we 


and Table of Logarithmes. _ 


whe fine of CYX 108 &"'!p$,.opt2d6; 
f 6.8866248 
the ſine of EXT... 26 06 9:7693186 
"pthc live CY _-_ 6062 2-782.5938 
Indthe fine: XCY, 365»@& _ 9,7693186 
/wthe line XY | 606'L 12.4825938 
Take the line C I, from this line C Y, there remajines'F'F, 
tebreadrh of rhe ditch from the middle of the cortin.. 
mY Then, for the lines F L, X Z,, and ſuch. other parallels 
wihs fide of the fort 4 B, | | 
ktheſemidiameter CA $8395 2-766 3729 
"tothe fideof the foro AB 686,47 28366215 
| 7-07 02486 
the length of CFP $ro,57 2.90824 
ke iſtance FL 95 3-60 59790936 
had the length of CX 980.80 2-9915815 
tothe diſtance XZ 1152.97 + 3-061 $301 
$ The perpendiculars C 3, C 4,and ſuch others, let down from the center 
geathe former parallels may be found in the ſame ſort, 
h the Semidiameter CA 583 g5 2-7663729 
tothe Perpendicular CI 472 42 2.6743 _ 
——_—_ 
Jthe length of CF $10 67 2.90884 44 
tothe Perpendicular C2 655 $4 2-8168029 
dndthe length of CX wgf%o 8 2.9915815 
tothe Perpendicular C4 793 48 2:8995 391 


10 If we rake 1 R the breadth of the Ramparr, our of the Perpendicular Cl, 
gthe bredeh of +he Rampant 46 be. 400; forey/ there rechains, 352 4s. 
Wire o 


w_ itular Ard «neal 

- 4p: | wt 1T thebreath of r Rampart and ficcer «dp . / the 
Wag uppoſed zofoot brokd) thite remains, 343. 42. for thePerpedicu- 
tf 1 | FR 


* 
IO EDI —— ee Yar ————_ es Be 


NE ed -— 
- 


' The general u/4 of the Canon 


56, 
As theP icular CT 492 42 4: 26743305 
| _ of the fore. AB; 686 47 28366211 


1622919 
S$oche Perpendicular CR 372 42 2.5719358 
© tothe {ide of the rampart QS | g4r 16 — 3.723340 
Aodthe Perpendicular CT 342 42 2.5 345614 
tothe inner ſide of the ſtreet V W 497 57 2.6968 531 
the Perpendicular. -CI 472 42 2.674330 
a the ſomidiameter (CA +583 gs Cs vac 
$© the Perpendicular CR 372 42 25710372 . 
to the line CQ 460 34 - -663080z 
And the Prpendicular CT 342 42 2 5 345612 
"rothe line CY 433 35 2-6266046 


C Paxaos#F III. 
Having the ordinary angles with the line of defence anil fie of the 
| - Bulwarke,to finde the reft of the lines and angles. 


L 


% 


QUypoſe 2 long cortinto be fortified with bulwarks,che 
Jof cach Bulwark to be go gr-the angle at the gorge 

che flanque 35 gr. the reſt,as1n the former table, the line of des 
tence,- 720 foot, and the face of the Bulwarke 300 foot. - 


th 


- 


57 


9s Yhgthie fine of 99137645 
ih tothe face 2:495791 212 
** _ [4302433 
3$ Fiothe tne © +9933514 
$3 | tothe head-line 2.5571081 
7 Jidthefiric of 9:849485d 
2 | the line 2,4132417 


5 © + lathe Triangle 4 D E,having the three angles, and the 
9 FlrAE; we may finde both the Aangue DE, and the gorge 
BY! | 
£ lathe fine of ADE g9o'0 © '10:0@ ©00c G 
tothe line AE 258.96 1 2+4132417 
/ | 5$67583 
mike fipe of  _ DAE 1560'S MI yGignN 
; I trheflanque ' DE 148.53 | © 21949330 
* Þf fndthefine of AED 55 0:0 ge9133645 
F tothe gorge A 212,137 2-3 260062 
{ fo therriangle © A'©, having the three aiigles, ahil the 
vo2quall ſides Kt, AO, we ny finde the wy ane 
{faceproduced tintothe cortin, | | 


F 
, 


Wthe fine of AOF © 45. 00085: 2 
"Þthe head-line AF! © 64882"! FJ femreBr 
the whole fine of FAO gooos 10,0000000 


 ſpthe face produced FO 510» 2-7076231 


4 In the triangle F AN, having the head-line A F, the 
line of defenſe F N, and the right angle F A N, we ma 
_ the other two angles at Fand N, and the third fi 

4 . 


Hhhh As 


; liter 
Asthe line of defence, _ FN ., ... +920 1 2:3b573345 


tothe whole fine of FAN 90'0 ©. 19,0000 NN 
So the head-line AF - 360, 66 2.557168; Þ. 
to the ſincof ANF +: - 30. 3.5 29-9976 t 
4s the ine of FAN 90 © © 19,0009086 | 
to the line FN 720, — 2-$5773 325 C 
So the fine, of _AFN 59. $65 _ 949372735 ts 
tothe ling,” | G 2ur AN ©. *623-1697, .2-799606. I 
Having the line A N, if we 24g the Gorge N B, or AD; p 
the ſam S. 5 both ſhall be the line ABorFL, the diſtance be- Yo 
tween both Bulwarks. | 
If we take the Gorge A D out of _ line AN | heremain i 
der ſhall be the Cortina D N. 'S 
- Again, if we take the line AO our of this lineAN, 7d i 
remainder ſhall be O N, that part ofthe Cortio from whence , 
the tace obthe ls be defended. I i 
Thus the Jen AN ; (f'08.; _ 613-169 Yo 
, the Gorg ot, "AD" -_ , 1;.212,1 4 k 
The diſtance FLor © A OR | thallbs "+ B355301. ; 
Nic Cortin __noy7 F 
©-1360,668 

fe) gre remains ' NN. ; orb --/6pP! y 

(} þ 111) bY: , bo 
t 
b 


* PROP. 


Mood ods goatved A T oiangin! 
< p : y 7 Ke — ads [ 4 ** 
A 1 YIYv(is 11297 BS ev '19 
| & z =_ a 


1 4 #4 » * 4+ ; $43 4 
- 


iid H 


and Table of Logarithmes. 59 
PROP. 1111, 


Having the angles of art irregular Fort with the fide between them, 
and the face of the Bulwath,, to finde the reſt of the 


Lines and angles. 


e the angles-of an old ' walled Town were to. be 
Mfortificd with new Bulwarks. The angles -ot the Bulwark 
he cither 3 of the. angle ar the wall,(or it 3..of the angle be 
yore then go gr. ) it may ſuffice, that they be 90 gr. The 
Wee: perpendicular to the Cortin , to be formed by an 
ugleberween 35 and 40gr- as ſhall be found more conveni- 
an. And the face of cach Bulwark ro be 300 foot, | 
\ady eeryptey 126 gr, then may'E FG, the angle of 
the Bulwark be 84 gr. and the angle D AE may 'be allowed 
whe 38;gr Let the angle at B be 140 gy. then becauſe 3. of 
thisangle are veg gr- the angle of this Bulwark may 
yell be go gr. and the angle at the Gorge N BM. 36 gr. And 
IAB, the diſtance berween theſe angles be 750 foot, 
pi iegalar Forts the Bulwarks may be made one. like the 
ather, ſo the head lines being produced will all meet in the 
me center. In irregular ( (uch asthis ) there will be ſome 
| Fence yet the work though ſomewhat longer will be 


ame. 
* Atthe Bulwark A in thetriangle AF E, becauſethe angle 
«the fortH A Dis we) 4 the half angle QeA D 63 gr. and 
te angle ar the Gorge 'D 4 E ſuppoſed tobe 38 gr, the angle 
EAF will be 79 gr. Again,the angle AF E ( the halt of GFE 
theangle of the Bulwark ) being 42 gr. the angle AEF will 
e59 gre by complement, 


s 
' 


As the ſine of FAE 79 © © 9.9919465 
tothe face FE 300 24771212] 
75158253 
. Sothe ſineof AEF 59 © © 949276066 
to the head-line AF. 261 963 2.41945; 
andthe fine of -  AFE 42 0 © \ 9:82 


to the line AE 204 496 
H 2 


69 The general uſt of the Canon 
Ia the reAtangle A D Eche angle at the Gorge D 7 
3$ gr- theotherangle DE A muſt be 52 gy. om 


| ADE 
AAIPRER @: 1 270 1190/2.9, ome, 


E 204- 496. 2+31,96856 

— 

| 7-6893144 

Sothe ſine of DAE 3800 PIER 
to the flanque - DE I25- 902 44 
And the fine of AED $200 33757 | 
to the Gorge AD 161, 145 2 


In like mannerat the-bulwark B in the triangle B L 
cauſe the angle of the fore is 149 gr. the balf thereof $2 
79gr.andthe angleatthe Gorge NBM ſuppoſed tobe36 
argle M BL will be 74.gr. And'then the angle BLN the 

fe of the angle of the Bulwarke ) being 45 gr, the hich 
gle BML, muſt be 61 gr. by: complement. 


Asthe fine of  MBL 7+ & ov g. 
to the face ML 300 Me 
7-$05700y. 
Sothe ſine of BML 6r o0 "9.941918 
to the head-line BE 272.960 pi 
And the ſine.of BLM 4509 Ting 
the line BM 9gao., 681 2-3437646 


And inthe reQangle triangle B NM, allowing N 8 the- 
angle. at the Gorge tobe 36 gr. the other angle BM N muſthe 


54 gr. by complement. 


As the whole ſine BNM 9gooo 10,0000000 
to the line BM 220, 681 2,1437646 

OO ian 
So the ſine of NBM 53600 9.769486 
to.the Aanque NM 129.713 2.112983 
And the fine of BMN $5400 99979576 


tothe Gorge BN 1784534 HAgI0072 
| 3 


py 
* 
. 
"4 
” 43 
| 


-” YZ = 2 2_@& - 


; > 


—}] 3- I © t- G-wwf39- 5-H 


and T able of Log avithmes. 1% 


*, Inthetriangle «4 FO, taking the angle AFO 42gr. 
{ihe <acoy, uy O 63 gr there remaines 21 gr, for the 


400 AOF, 

&tothe finc of AOF 21 0 o” 9.5543291 

10the head-line AF 261+ 963 2.4182403 
M4 6. 1760888 
\. the ſine of AFO 42 0 © 9-8255109 
t tothe line AO 489-127 2.6894221 
Bu the ſine of FeAO 63 ©o 9.949 $808 
p —wthe faceproduced FO. 651-316 2.$137920 


Jaiointhe like triangleBLP,raking the angle BLP 45 gr. 
atof the angle SB P. 70 gr. there remains 25 gr.for the third 


wok BL. P. 


lathe fine of. | BPLL 2500 gubr5gght 
tothe. head-line BL 272. 960 2-43 6cg88 
| 71898494 
fothe fine of BLP 4500 9.2494850 
to the line BP 456. 704 2.65962 56 
4nd the line of LBP 110, o' off 9g. & 
tothe face produced LP 606, 927 : —_— 
Thus the length of fide AB being 750, 
the length ot che gorge BN 178.524 
the length of the line AN $71+466 
Take trom this the line AO 489.127 
there remains forthe line ON 82.329 
in taking the gorge AD 161-145 
an the ſide AB, there remains BD 588.8 + 
Take from this the line BP 456.704 
there remain for the line : DP 132-151 
Take ADooutof ANthecortin DN iS 410.321 


4.1a 


G2: Tee general uſe of the Canes 


In the triangle A F N, having two tides A F, A N, 'and 
F ; N, the tre them, we may find the other two 


angles atN andF, and the line of detence F N, 
As the ſum of the fides AF, AN 833-429 2.9208684 
isro the differcnce of thole ſides 309-503 244906636 


Sothe tangent of half the ſum of the two 439+ 2cq8 
oo__— angles at Fand N 31 3@ © 9.7873193 
ro the tangent of 1: 49% 93571145 
the half difference between'thole angles. | : 
This balf difference added to theihalf ſum, gives 

the -_ angle AFN 44 19! 

and (ubcracted gives the lefler ANF 18 
As the ſine of eANF 18/40} 95055325 
to the head-line AF 261.963 ,2-4183403 
: 7-08728n 
So the line of FAN 63 © © 9.949808 
tothe line of defence FN 728.783 _ 2-862 5986 
And the ſine of AFN 44193 9.8447my 
to the line AN 571-465 2.756990} 


And in the like triangle BD L, having two fides B L, BD, 
and the angle between them LB D, we may finde the other 
two angles at D and L, and the lineof defence LD. ' 


As theſum of BL and BD 861 $15 2.9354138 
ts the difference of theſe ſides 315 895 2-499 5421 
So the tangent of half the ſum of the two 935977 
fite angles at Land D, 35. 0.0, 9.845 2267 
ro the tangent of 14.22. 9-4093530 
This halt difterence added to the halt ſumm gives 
: the greater angle B L i 49423 } 
and ſubtrafted the leſſer BD L 20,36 x 
As the ſine of BLD 20. 362 9.5463559 
tothe head-line BL 272,960 2-4 360988 
T1 I07 544 
Sothe ſinc of LBD 70,0,0 9:9729858 
to the line of defence LD 728.838 2.8626314 
Aud the (ine of BLD 49-235, 9.8803627 


re the linc | BD 588.855 2.770008} 
PROP. 


_ RAG 1-4 
—w— azvSSsF BEST... <= : 


.. nd Table of Logarithmes.. 
m br | PROP. V;-+ 
y Having the . Lines and angles of 4 regular Forty 
4 to. find the content in feet and acrts | 


The content of a Fort may be raken ſeyeral ways: cither 
kom wichin the Rampart; or from within the our ſide of the 
&ich, of elſe we may take in the Our-Works: And thoſe _ 
may be of ſeverall ſorts, ſuch as are here repreſented, or the 


[we conſider the content within the Rampart, we have 
terriangle Q CS, whereir knowingthe Perpendicalar CR 
adtche Baſe Q_S, we may finde the content of the triangle» 
kad this content mulciplyed by the number of the like rri- 
wyſes belonging to the: Fort, ſhall be the whole content re- 
Thus inthe Penrtagenal! Fort before deſcribed, where the 
ET CR was found to bein feet. 372.42. and the 
541. 16. 


ksthe folemne number 2, 0.3010300 

is to the Baſe QS 541.16 2,7333368 
a 2,4322968 
Sothe Perpendicular CR 372-42 2.3710358 
. tothe content of the triangle 100773,25 ul hh 
Adde ( for 5. triangles ) he lacacithe of 5. 0.6999900 

The content in feet comes to ' 503866. $+7023 026 


Then to reduce this content into acres ; 
; , we may cither di- * 
wdethe number of feet by 43 560, ( the number of feet con- 


in an acre, or working by Logarithmes, w - 
taQ this (olemne Lonackbons a þ BY NG 


Thus, from the Logarithme of 
$03866.25. «7023026 
ſubtraQ the ſolemne Logatit. of .43 566+ 4/6 
there remains the Logarith. of 11. 56, 1.0632148 
the content in acres conteined within the Rampart. * yy 


{f it be required to finde the content of this Pentag onal 
Fort 


64 The a uſe of the Canon 
Fort within the oxraws fide of the Ditch, rk have ro f 
triangles as X CY , whercin nana hog etwo fides X 
CY, andthe — between mg Y, we may let Fl 
2 Perpendicular trom the angle at Y, upon the Baſe CX; and 
. then witch cheep an and rhe Baſe, wemay finde the 
content of the c eas bet 


Thus the fide C "o $0. the ſide CY 606,17, and 
the angle between them X CY, 36.0'.0”. 


: As the whole ſine of 90+ 0, 0 100008000 
to the leſſer ſide CY 667-17 * 2-7825g38 

So thefineof XCY 36.0.0 9.7692186 
to the Pependicular 2.55187%g 

2 Asthe ne number 2 0, 3010906 
tothe Baſe CX 980.80 2-9g15Þ15 


_ &-6gayy15 


Sothe Perpendicular 2 2-55 1hing 

to the content of the triangle 174728. 60 $-2423639 
eAdde (for ten triangles 3 the Logari. of 10 1,0090000 
the conrent in feet comes to 1747286 6.2423639 


eAgain,ſubtraſt the Logarithme of 43560 46390878 
the content in acres comes to 40,11 1.6042561 


By the ſamereaſon reſolving all into triangits, we 
take in the Counterſcarp, and the reſt of the Ouc-works, / 
ſo find the content, not onely ofa Regular Fort, but of any 
other picce of ground. 
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Or Table of 


ificial Sings and T axncenTs, 


'To a Radius of 10.0000000 parts, to | 
each minute of the Quadraut. 


Eon. Gunrta x, Profeſfor of Aftronomy in 
Grtew Colledge. 
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Honoratiſimo Domino, 
ad | | T3 
D-JOH ANN 
| COMITI de BRIDGE WATER, 
VICECOMITI de BRACKLEY, | 
| BARONI de ELLESMERE, | 


Hunc ſuum 'Canonem- 


© Þ.'D. D. 


EDx, Gunrtan: 


——_— 


> m— 


— The deſcription of the Canon. 

9 His Canon hath fix columns, The firſt is of degrees an 
Wo orinuces, from the beginning of the Quadrant unto 45 gr 
[@FF; the fixth of degrees and minut. from 45 gr, unto the 

{the Quadrant; the other four contein the Sines and T avgent 
dongingto each of thoſe degrees and minutes , after the manner 
aher Canons. The: difference 15 in the numbers. For theſe Sines 
not ſuch as half the chords of the double ark , nor theſe Taw- 
rent iculars at the end of the Diameter : but other 7: 


x5 {ubſticuted in their place, for atraining the ſame end, by 
e caſe way, luch as the Log arithmes of the Lord of Merchi 
and thereupon I call them Artificial Sinerand Taxgents.S 
ond and fourth columns contain the Sizes and T axrent 
The degrees and minutes in the firſt column : the third and fifth 
antein the Sines and Tavgents of the fixth column. 
As if jt were required te find the artificial Size belonging t 
ur lacitude , which A I0PS ASE 
i 44 in the lower part of the page , and Af 32m the (ixth co» 
n, the common angle will give 9.893745 2 for thie Size re-| 
red. And in the ſame line you have 9.7938317 for the Sine of 
> eng of this latitude , which in one word may be cab 
Ithe Cofine.. Inlike manner the Tangent of 51 gr. 32m. wi 
t found to be 10,09991 34, and the cotangent 9.900086 5. 
The Secants (if there were uſe of CT mas ealily be ſupplied, 
taking the catyne our of the double of the Radius. 


As the double of rhe radius being 20,000000 

Take hence the coſine of 51 gr. 32 m, 9.793831 

' The ſecant of 51 gr. 32 min, will be I0.2061683 
[- The verſed fine may alfo be ſupplied by _—_ 3010300 


the double of the ſine of half the ark , and ſuber 
As the half of 51 gr. 32m. being 25 gr, 46 m. 


ing the ra- 


Add to the fine of 25 gr. 46 m, 96331 96 

The ſame a angle fx former 9.6 nm 
; number, (o the radius being ſubtracted, 30103 
j__theverſed (ine of 51 gr. 32 m- will be 9:57742 36, 


A323 


— 


— 


= CRE TONE 

Fun, Os | .1 IE " "Git 

—_  — 0 =D o» 7 
nn — ———— 6.4637260 ; 13-5364739, 
l|6.4537260 | 9:.9999999 6,7647561 13-2352438 
2 16,7647 560 Mee Artr44 6.9498474 )13-0591525 
3 j 6.9408473 | 9-999999 7.0657863 [1249342136 
4 7.05657860 cd 4 7.1626964 12.93730351 F 
2 | :2020959 | 9:9999995 302418778| 12,758: urls 
6 72418771 PH NDNSAN'S 23088247 ny 
7 7-3088238 pt viewer 7.3668169| 12633189 F 
8 7-3608157| P-oPIPa Bra agr oc I2.5820303 | 51 
.9 1-4179681 Aoki | 7:4537373 I 2+5362726 [xe 
" 14237258 1 9.99999 (ESE 12.4948797 , 44 
tt 17.5051180 | 9.9999977 PET 12-4570908| 4 
I'2 7-5429064 9999997 3 7.5776715 12.42232834 4 | 
3] 7.6776684 99999909 76098565 1203961434] 46 
14 | 7.60985 29 | 9199999 p 7.6398201 12.3601798| 47 
EAA" 
16| 7.6678445 | 9:9999953 * Sod 12,2058114| 6 
17] 7.6941723 99999947 | Laps ns L2,2819974|4? 
18| 7.7189966 | 9.999994® | | 7. 2484x | 12,2575158[4! 
191 7.7424775 $4244 ey 12-2253268 [4 
" 7:747536 9.99999%k 7-7859508 | 12,219049 3 
Me (399ooors| [78061547 |12-1938450(3 
22|7.8061458 | 9-99999 2| 17-$254604| 12.1745395|3 
Ng 3450 (9-099 |" 8479448 |12.250059019 
R999 28*(-17.86167381 12.1305389|3 
25 | 7.8616623 | 9-999: wel > 290077 [12121202313 
dis 4 $2 4 . 7711212129 
26 7. 8786953 90989075 7.895098 12,1049013|3 
i | Lerner | 7.9108937 f12.08910623? 
28] 7-9108793 I 7:9261344! 12,07 38656 _ 
291 7:92611 89 | 99999845 | | / o8584| 14,059141613® 
151 7:9408418 | 9.9999834] | 7:9498584 AMC 

9 ——————RRT— ang, 89+ 
em Sin, $9. Tang, v9. | 


— 


| £2: Gin. O 
: 7.7498418 


7.9550819 | 
j3 | 7.9688698 
i | nartiad 
[| 7-9951979 
4 $.0077866 | 9:99! 
qc 0200206 | 
17] 8:03 19194 
j$[$.043 50083 
$918.0547314 
$0[$.0657763 

$,0764996 
2{8.0869646 
3{$,0971832 
$.1071669 
$.1169261 


$.1264709 
$.1358104 
$.1449532 
9|$,1539075 
$0] $,1626808 
F1 CEPInens | 
G1 $.1797129 


$318.1879847 
141 $.1961020 


$5 $.2040702 


$6 $,2118949 
F $.2195810 


_ — ———— 


9. 9999334 


9+ 949999823 
9.9999312 
9. 9999800! 
9+9999787 
9.9999774 


9-9999761 I 
9-9999745 
99999734 
99999720 


9.9999706 


9.9999691 
9.9999675 
9.9999660 


9.99996 44 
9.9999628 
9.9999611 
9.9999594 
9.9999576 


9.9999558 


9.999 99995 49 


9. 9.999952 2 
9+9999503 


9-9999484 
9+9999464 
99999444 


99999423 
9-9999493 


$.2271335 | 9-9999382 
$9 |$.2245568| 9-9999360 


»18,2418053 | 99999738 


” 
b— 


Sin, Sin, $9. 


Tang, = 

79498584 
7.9550996 
7-9688886 


7.9822534 
7-9952192 


| $.020 ,0200445 


$.043 5274 
$.0548193 
$.0658057 
8.0765305 

8.0869970 
8,0972172 
$.1072020 
$.1169634 
$.1 265098 
8$.135$510 
8.1449955 


$.1539516 
8. 8.1627367 


8. $.1713281 
$.1797626 
$.1880363 
8.rg61555 
—_— 


| | 8.211 2119525 
$.2196407 
$.2271953 


$. 2345 207 
$.2419214 


* — — 


| 


— x 


A 3 


eas xc / 


| 


cs] ie 


12.0311113 


12,0177465 
I 2,0047 8o8 
I1 «9921908 


$.0319446 | Ix, 9680553 


| 


11-9564726 
11-945 1806 
In. 1942 
I1,9130029 
11.9027 827 
11.8927975 
11-8830365 
11.8734901 
Il -8641489 
11-8550044 
11,8460483 
I1-8372632 
11-82 86618 
11,8201374 
11,$119636 
11-803 8444 
1197958741 
| 11-7 880474 
11-7803592 
11,772 8046 
11,7653792 


11,7580785 


-WI4 T ang. 3g. 


2 
28 


27 
26 


25 
24 
23 


| 


— +4 9 3171 
Wo nwweoluguwucab]lo- ws 


| 


8.2897734 


Sint 

8. 8.2418553 | 9.99: 
8. $2490331 
| $.2560942 
8.2630423 
$.2698810 
$.2766136'! 


| 99999293 


8.2832433 
8.2962067 


$.30254650 
8.308094 1 
27 1 


$. 3210268 
8.3270163 
8.7329243 

$.3387529 | 
8$.3445043 
8.3504 _ 
83557834 
8.3613149 
8.267769 
8.3721709 
8.3774988 

8.3827620 
8.3879621 

8, 3931007 | 


9+9999316- 


9+9999270 
99999247 
9.9999223 


9.9999200 


9-2999175 | 


9.99991 50 
9.9999125 
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019-2250918| 9.9937394 | ; 9:2313924| 10.7686976| 2 
119.225$328 | 959937676| | 9:2320650| 10,76793501 19 
h2[9-2265725 | 949937463 | | 92328262 | r0,7671738| 1 
1|9-2273110| 99937247 | | 9:233 5863 4 10.7664137 | 17 
9.2280481 | 9.9937030| | 9+2343452 j10,7656549 | 1 
5| 9-22 87839 i 9.9936$13 9-2351026| 10,7648974 ris 
9.2295185 | 9.9936595| | 9:2358589 | 10,7641411 | 1 
9 2302518| 9.9936378] 1 9.2366139 $6:7633861 | 13 
9-2309838| 9:9936160| | 9-2373678| 10,7626322 113 
49 | 9-2317145 1 9-9935942| | 9-2381203 | 10.76187g7] 11 
bs bones [29927752 9.23 88717 10,7611283] 10 
t | 942331722 | 99935504 | | 942396218 | 10,7603782, 9 
21 9.2338992 | 9.9935285 | | 92403708 | 10.75962g92| 8 
$3 | 9-2346249 | 9-9935 065 | | 9-2411185 | 10,7588815| 7 
$54] 942353494 | 9:9934344 | | 9.2418650| 10.7581350 
55 [9-2360726 | 99934624 | | 9.2426103 | 10.7573897 | 5] 
$619.2367946 | 99934493 | | 9-2433543|10.7566437 ; 4 
$7 9-2375153 |9:9934181 9-2440972 10.7559038 | 3 
58 | 9-2382349 | 9:9933959 | | 9:2448389 | 10,7551611| 2 
$9 |9-2389532 | 949933737 | | 942455794 | 10,7544306| 1 
60 | 9-2 396702 | 9:9933515g | 9:2463188| 10.75368124| ©) 
| | Sine Yo, | | PIT .T ang, 80, , 
& 


| 5 | 942433374 
"6 | 92439472 


CO r——_— 


$703 | 9993 3515 


9.241 007 | 


3] 9-2418141 
4 | 94242 5264 


9:9933392 
9:99 33968 
99932849 

949932621 
9-9932396 


$e9932171 


$19.9931946 


9.2495830 
9-2502822 


92509803 
92516773 
9.25237329 
9<25 30675 


9.993 1720\ 
9$-9931494 


7746 | 9:999r368 


9-9931041 
99930814 
9-99305 87 
9:9930359 
9.9930131 
9,9929903 
9.992967 3 
9-99 29444 
949929214 


9.2537609 


962544532 
9.2551444 
9.2558344 
9-2565233 
9, 9.2572110 10 


g.2535832 
9,2592676|9 


9:9928984 | [9 
9+9928753 
9.9928522 
9.9928291 
9-9928059 
l 9. 9927827 


9.259 8977 9:9927595 


9.9927362 
9,9927129 


9-25995O9 | 


9.1606330| 9. 


99926895 
9, 9926661 


"Sine 79. 79. 


IO, 
9.2463188 
9+2470569 
96247799 
9.2485 297 
942492643 
92499978 
| 9. 2507 JZOn 

9,2514612 
9+ 2 F2 19 I'2 
9.25 29200 


9425 36477 
9+2543742 
| 9-25 $O997 
9.25 58240 
9.256547» 


9.2572691 
9.257990! 
9.2587099 
92594285 
92601461 

9-2608625 


9.2615779 
9,26 22921 


| Tex 


| 1 9-2630053 


9.2637173 
| 9.2644283 
9.2651382 
9.265 8470 


9-2665547 
9-2672613 


| 


| 


10,7405715 


[220790 | 


——— n 
10,7529430 
I 0.752 2061 
10,75 14703 | 
10,7507357 f 
1 0,7 500021 
10,7492699 | 
10-7485388 
10.7478088| 
I 0+7470800 
10,7463522 


10.74 56257 
10.744900J 
10.7 441760 
10.7434528 
10.7427308 


—— 
I 0,7420099 | 
10.7412901 


10.7398539 
107391375 


T0:73 84221 
10.7371079 
10.7369947 
10.73628$27 
10-7355717 
10-7348618 
r0,7341530 
0.7334453 
10-7327387 
10,7320331 


T ang. 79. 


+ 
— 


Mi 9.2687 338 
+ | g9-2694019 


9 


—_—.. 


3M Sin. 10. 


me 


$1 9.2727263 
9|942733880 


4 4 9.26063 Ze 


Rl 
"- 
+ 


9-2613141 
92619941 
9.2626729 
9-263 3507 
9:3640274 
9.264 7030 
9-265 3775 
9-2660509 
$.2667232 
9-2673945 


9.2680647 


9,27006$g 
9.2707348 
$62713997 
9.27 20635 


9. 2740487 
9.2747083 | 

9.275 3669 
9.2760 245 
9-27668r 1 
9-2773366 


9e27799ik 
92786445 
9.27 92970 
9-2799484 
9.280 5988 


9.9926661 


9-9926427 
9-9926192 
9:9925957 
9-99 325723 
999254 36 
9.9925250 
9.9935013 
9-9924776 | 
9.9924539 
9.9924301 | 
9.992463 

9:9923824 
9.9923585 

9.9923 346 

99923106 

9.9 992 922366 
9.9922626 
9-9922385 

9+9922144 
9.992 1903 


9-9931418 
9-9921175 
9-9920932 
99920689 
99920445 | 
9-9920201 
9:99I9956 
9-9919711 
9. 9919466 


Sin, 79, 


|| 


em 


Tang,lo, 


9.2679669 19-7320331 
9-2686714 0, 0.7313286 
pe >< 10,7306251 


9-27 097 
Stan + 
9.2714788 


9-272 1780 


94272 8763 
9+ 2735733 
942742694 
942749644 
9.27565 84, 
942763520 4 
9-2779434 
9-2777343 
9.2784242 
9.279130 


| 


983798 009 


9-2811736 
g.28r 8585 


9.2825423 


90.28323257 
9.28390 © 
g9-2845378 
9.285 2677 


9-285 9466 
9-2 866245 
9-2873014 
9.2879773 


9.28 _ 


, $0,7299228 
10,7292214 
10-738521 2 
10*7278220 
10*7271238 | 


1057264267 | 22 
10"7357306 | 27 
10%7250356 | 26 


 10,72434t6 1 
10.7 236486 ; 1 
10.722 9366 | 17 
10.7 222657 | 1 
IOugaty758 5 
10.7 208869 I 
I0,7201991 | 13 
10,7195 1223 | 12 
10.7188264q | 71 
LETNSL) 10 
10:7174577}; 9 
10.7167749| 8 
I0.-7160930| 7 
10,7154i22af 6 
$0.7147323} 5 
466 | 197140534] 4 
10.713375$}; 3 
10,7126986| 2 
I0-71 20227 | 1 
10-7113477| © 
Taxg. 79 IM 


—_—. 


[9 | Size 12, PALE —— 
.O 9.280598 9-991 9466 9-2886523 10.7113477 
' | 9-281248; | 9.9919220| | 92893263 | 10.7106737 
" 9.281 8967 9-9918974 5.289993} 1091 
3 1 9-2825447 | 9.918727 | | 9-29067131 10.7093287 
4 9-183 1905 | 9.9918480 9.2913424 | 10.7086576 
| 9-2838359| 9-9918233 | | 9-2920126 10.7079874 
6 9.2844803 | 9-9917989 | | 92926817 10,7073183]|5 
71 9.2851237 | 999177371 | 92933500 | 10,7066500]|5 
p 9-2857661 | 9:9917489 | | 9:2940172 | 10.7059828|5 
9 9-286 4076 9:9917240| | 9.2946836 10,7053164 5 
br 9.2870480| 9.991 6991 9.2953489 1072463er | 
Fr 9.287687 5 | 9-9916741 5-2960174 | 10:763988 
113] 9,2883260] 9:99164924 | 92966769 | 10.7033231 
0 13 | 9.2$889636 | 9.9916241 | | 9.29733995 | 10.702660g [4 
I4 9.28g600r | 9.9915990| | 9$-2980011 | 10,7019989 
r5 92902357 9-9915739 9.2986618 16,7013384|4 
(16|'9.2908704 | 9:9915488 | | 9+2993216| 10,7006784 
17] g9.-2915040 | 99915236 9-29998e4 | 10,7000196|4 
rs 0-2922367} 9+9914984 Eee 10,6993617 
19]9.2927685 | 9:9914731| | 9:3012954 | 10.698704614 
[29 9.2933993 | 9-9914478| | 9.3219514 | 10.6980486 
31 | 9.2940291 | 9:9914225 j | 953026066 | 10,697393413 
* 5 2946580 9+9913971 9.303 260g do 38 
23 | g.2952859 | 9:9613717 | | 9:3939143 | 10,6960857137 
24 | 9.2959129 | 949913462 9:3 945667 | 10.6954333 ; 
25 | 9-2965390 | 9.991 3207 | | 9:3952183 ' 10.6947817|3 
16 | 92971647 | 9:99129521 | 9:3958689 , 10,6941311 
o toc ene, 9.3065187\ 10.6934813 
.  |:8|9.2984116| 9.9912440 9.3071675| 10,6928325 
29 | 9-2990339 | 9.9913 184 9-307PLS5, 10.0pa3M40 
2014 9.2996553 9.9912927| 9.30049301 10. 34H 
— ar KT Tang. 78, IM 


CE 


116 


———_—ccQ%xc oQﬀocu<<cccccCccc44}JFFrV 


——— ESCORT IT > = an col. 


" —__ 


" 
MS 


| $ijn.1t. 
p| 9-29965 53 
9.3002758 
9.300895 3 
gizer5140 
9.3921317 
9.3027485 
9.303 3644 
93039794 
1 9:3945934 
9.395 2066 
d19.3058189 
9-3064303 
9.3070497 
9.3076 503 
9.3082590 
9.3088668 


93994737 
9-3100798 
9.3106849 
93112892 
ſ019.3118926 


9.3124951 
9.3130968 
9.3136976 
943142975 
9.3148965 
943154947 
9.3160921 
9:3166885 
9.3172841 
9-3 178789 


| 


EE 


9.991 _ 


99911670 
9.9911412 
9.9911154 
9-991 0896 
9.9910637 
9.991 0378 
9.9919119 
g9e9909859 
9.99095 98 | 
99909338 
9+9909077 
9-9908815 
9.9908553 
9.9998291 


9.990803 | 


9.9907766 
9.9907 502 
949907239 
9.9906974 
9.99067 IO 
9-9996445 
9-99061 80 
9-9905914 ! 
9.9905648 
9.9905382 
9-9905 115 
9.9904848 
9-99045 80 
9.9904312 
9.9904044 

Sine 78. \ 


Target, 
9:3084626 
9+3091088 
9-3097 541 
9-3103955 
943110421 
9.3116848 
9.3123266 
9+3129675 
9-3136076 
9.3142468| 
9-3148851 
9.3155226 
9.3161592 
9.3167950 
9.3174299 
9.31 80640 
9.3186972 
9.3193295 


9-3205918 
9-3212216 
93-218506 
93-2247 88 
93-331061 
93-237327 


97.24}?584 


| 9-3249832| 


9-3256073 
9.3262z05 
9+3268529 
9:3274745 


9+3199611] 


—— 


10.6 Ir 5374 


10.6908912 
10.6002459 


10.68g601 F 


10.6889579 


10,6883152 


10.6876734 
10,6870325 
10,686 3924 
10,6857532 
10,6851149 


10,6844774 
I0,6838408 


10,6832050 
I0.6825701 
Io,6819360 


r10,6813028 
10,6806705 
10-6800389 
10.6794082 
10.6787784 
10,6781 494 
10,6775212 
10.6768939 
10.676267 3 
10,6755416 
10,6750168 
10-6743927 
10,6737695 
I10-6731471 
10.6725255 
Tang.78 


17 
I 

15 
14 
13 


, - M4 
Elo - » wala ow ol - » 


| Smell, 12, 


3] 9-3196581 
4 | $43202495 
5 | 943208400 
oY 9.3214297 
7 | 943220186 
$] 9. 3226066 
9 ]|9+3231938 
10 9.3237802 


it | 9.3243657 
12] 9.3249505 


t6 9.327281 
71943278617 
['®| 9.3284416 
19] 9.3290206 
[72 | 9-3 295988 


21 [6.33017961 
221]9,330752719 
23 |g-3313285 
24 | 9.3319035 
>519:3324777 
26 |9,3330Fnn 
27 /9,3336237 
2819.3341955 
29|9 3347665 
(= 9*3353368 


A EIT 


| 


| 


9.3 178789 | 9:9994044 
943184728 | 9.9903775 
9-3190659 | 9.9903506 


9:9903237 
9+9902967 


| 9.9902697 


9:9902426 
9+9902155 
9-9901883 
9+ 9901612 
9. 9991339 


9-9901067 
9.99907 94 


13 | 9.325 5344 | 99900521 
4 | $:3261174 | 9-9900247 | 
I5 | 93266997 9-9899 


973 
919899698 
9.98994 23 
9-9899148 
9.989885 3 
9.98985 97 
9-9898320 
9-9398043 
9.9897766| 
9.9897489 
9. 9.9897 21 I 
9.9896932 
9.9896654 
9-98952 74 
9-9896095 
9-9895815 
| Sine 77+. 77+ 


ww 


: 
E 


| T ang. I'2. 
93274745 


9.3280953 


F&3287153 


93293345 
9+3299528 
9.3305704 
9.3311872 
9.3318031 
9+3324183 
9+3330327 


| 


i 


| | 9.3342591 


9-3 348711 
9.33548$23 
9-3360927 
9,3367024 


943373113 113 


= 


9-33 36463 | 10,66 


10. 6626887 


9+3379194 | 10.6620806 | 4; 


9+3385 267 
93391333 
943397391 


9. 3493447 
93409484 
9.3415519' 
9,7421546 
9. 9:9427566 


9 3433578 
943439583 
9. 3445580 
9.3451570 
9.3457552 


= 
; 


10.6614743| 4 
10.660 £667} 41 


10.6602609 | - 


10,6596559 
10.6590516} 
10.658 4481 
10,6578454 
106572434 E 
10,6566423| 
10,6560417 
10.65 54420 
10.6548430/ 
10.6542448 
Taxg, 87. 1 


MT Sim.12. 

943353 368 
943359062 
943364749 


943379438 
| 943376099 


9.3387418 
[93393065 
9-3398706 
91 93494338 
93489963 
$341 5580 
|| 9.3421 190 
3426792 
9-3432386 
9:3437973| 
943443552 
[9-34491.24 
{4$] 9.345 4688 
9-3450245 
9.3465794 


jl19.3471336 
119.3476870 
31 9.3492397 
$41 9.3487917 
5 |9.3493429 


$6] 9.3498934 
9350443 3 
943509922 
9.35 15405 
9-3520880 


| 
| 


- 


Il © > v3 


9.3381763 


9.989585 


9-9892711 


9-9892427 


9.9892142 
9.9891 856 


9-9891571 


9.9391285 
9.98g90998 


9:9890711 
9.9890424 
9.9890137 
g9-9889560 
9-9889271 
9.9888982 
9.98388693 


Dm rr —— — 


9-9888403 


9.9888113 
9.9887822 
9:9887531 | 
9.9887239 


Sine 77 + 


Al 


9-989 3279 
9-9892995 


9-3457552 
9+3463527 
9+3475454 
93481407 
9-3487352 
44 (4.5.94 
9+3499220 
93505143 
9.35 i059 
93516968 
9.35 32509 
9.3 528763 
943534650 
9.3 540530 
93546402 
9.35 53367 
+3558r26 
9+3563977 | 
9-356982r 
9:3575658 
9:35 81487 
93587310 
9$+35931 26 
9.3598935 
9.26047 36 
943610531 
9.3616319 
9.3622100 
943627874 


Text. | _ 


9+346 9494 | 


>10.6383681 


10.6524546 
10-6518593 
10,6512648 
Io,6506710| 
10,6500780| 
10,6494857 
10,.6488941 
| 10,6483032 


10,.6477131 
10.6471237 
r0.6465350| 
10-6459470 
10.6453598 


10.6447733 
r0.6441874 | 
10:6436023 
I0,6430179 
106424342 
10,6418513 
10,64126go | 
10,64068 74 
10.6401065 
10,6395 264 
10.63 89469 |- 


10.6377900 
I0-6372126 
10.6366359 


[235 I" 


T ang.77. 


— 


he 


MCG 


Vo I} ” vt 
F.. 9-35 20880 
| > | 9:3526349 | 


9-988 7239 
9.98 86947 
9-9886655 
9-9886363 
9.98 86070 
43S 9.9885776 
9-9 885.482 
Y | 9.988511 98 
| 9-9884894 
569836 | 9-9284599 
99839303 


$34 } 

9-35 8063 
[£2 9.358601 9.989371% 
T3 | 9.3591409 | 99883415 
14, 9:3596785 [9.9883178 
13 | 9.3602I54 }9-9882821 
16| 9.360751 5 | 9.982523 
7 | 9.3612870 | 9.9 882225 

9.3618217 9-9 881927 
19] 9.3623558 | 9.9881628 
20 | 9. 3628892 9.9881 329 
PY 9.3634219 |9,9881029 
22 | 943639539 | 9.9880729 
23 | 9.3644852 | 9.98380429 
24 | 9,3650158 | 9.9880128 
25 9.2635458 | 9.9879827 
26 1 9-3660750) 9.9879525 
27 19-3666036| 9.9879223 
28 | 9.3671315 | 9.9878921 
29 | 9.3676587 | 9.9878618 
30 | 9-3681853 | 9-9878315 
i _ Sine 76, 


9.98Bqoo8 | 


7 ang-1 3 


9.:1633641 


9.363940r 


9.3645155 
9.3650901 


9.3656641. 
9.3662 374 


9.366 8TO0O 


9.4371 3667 


9:27 19333 | 
9.3724992 | | 


9.3730645 
9+37 36291 
943741930 


RY mw 7 q 
10.6 2663 59 |6& 
10,6360599 |i59 
0:63 54845 75, 


10,6349099 
10,6243359|56 
10,632 7626 \ 5 


106331900 

F0.6 # 
th 
5 


9+3747563 


9.3733190 
9.3958810 
9.3764423 
93770030 
9.3775631 
9.3781225 
9.3786313 
9+3792394 
9.3 797969 
9.3 803537 


I — 


| —— 


| 10,619646} | 
——O—  —— 


10.6247T199} 35 
10.6235577 


10.6218975 
10,6213187 
10,6207606 
10,62020J1 | 


|] Tang: 76, 


Il» 


MJ Sane PI3. 

EEE 9.368185 3 9 558783175 15 
-| 9.36871 11] 9. 9-9878012 2 
121 9:3692363 | 9-9877708} 
9.3697608 | 9.9877404 
4 93702847 | 9.9 877999, 
" pl «3708079 | 99876794 


3713394 | 9.9876488 


919-3718523 9+9876183| 
$19-3723735 ihe] 
| 4 9.3723940] 9-9375570 
191 9-3734139 49-987 $263 
WIIED $54739331 9:9874955 
144517 9,9374648 
3749696] 9.9874339 
I p. 3754368 | 9.9874031 
x1 93760934 9.9877722 


[973767094 £9578417} | 
9:3779347 9:9873103 
19.3775493 99373792 
g19-3780633 | 9.9872482 
| [9:3785767| 9-9872171. 
19:3790894 | 9.987 1860 
[9-37960t 5 | 9.9871549 
219-3$01129 
Dre pon 


 » 
— 


- 


93811339 [9.997081 
9.38164 34 | 9.9870298 
963821523 | 9-9385g984 
9-3826605 | 99859670 
9+3$31682 | 9.98693 56 
9.3836752 9.986941. 
EL Sane 76. | 


=> Sona 


E 
: 
EY 
| 


| 


| 


Tang. 13+ 


9-3803537 
9. 3869106! 
9-3814655 
9-3820205 
9+3825748 


10.6179795] 2 
| 10.6174252 
9.3831285] 10.6168715 
9.3$36816 10.6163184 
9.3842340@ | 10,6157660 


943847858] 10.6152142 | 


9-3853370| 10-6146630 
9+33858876[10,6141124 
9.386437 
9-3 869869 | 10.6131031 
943875356] 10,6124644 
9-3$80837; 10,6119163 
2.1886313 10. 

9.38917811 10:6168219 
| 9-3897244 l0.6102756 
9+3902700 | 10.6097300 
9.39g08r51, 10.6091849 
9-3913595 10.6086405 
9-3919034 
9-3924466 
9-3929893 
9.3935513 
9+ 3940727 
9+3946136, 
943951536 
9-3956935 
9,7962326 
9.39077 1 | 


10.6075 5 34 
10.6070107 
10,6064487 
10-6059273 
10,605 3864 
10,6048462 
10-6043; 065 


10,6037674 
10,6032289 


437611 10,61 35624 


| r 


10.6113688 | 


| 


10.6080966 | 


| 


2 

I 

£ 

| Taxp, 76, | Ml 


10.6196463 =o 
10.5 190900 29 
10.6185345} 28 


27 
26 
25 
24 
23 
22 


*% 
2O 


6 
4 


Io 


wo 


M 
> ers 9:9869041 
| 7] 9-3841815 | 9.9868726 
| 2] 9-3 846873 | 9-9868410 
3 | 9.3851924 
4 | g-3856969 
_5 | 9.3862008 
! 9.4867040 


Sine 1 4- 


CC — — —— —  —  ——— 


9.3 872067 
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9.9480604 | | 9.7158595 10,2441905|3 
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9.6658586.| 9:9475335 j |9-7183251 10.3816749 | 24] 
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9.6565828 | 949473352 9+-71924761 19. 2807524 | 21 
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9+6670647 | 9:9472027 9.7 198620! 10,2801380| 19 
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14 , 9.6749194 | 9:9449899 | | 9:7299295 | 10.2700705 | 
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IN 9.6760937 | 9.9446501 | 19.7314436 | 10.2685 564 
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9-6873895 
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 9,8059510 | 9-885 7319 | | 9.9202191 | 10,0797809 | 14 
g9.8061027 | 9.8856267 9.9204760 | 10.0795240 13 
9.8062 544 | 9-8855215 | | 9.9207329 | 10,0792671 | 12 
9.8064960 | 9-8854162 | | 9.92098g98 | 10,07901 02 | 11 
9.8085575 | 9-885 3109 | |9.9212466 | 10,0787534| 10 
9.8067089 | 9. 8852055 9.9215034 | 10.0784966 9 
9.8068601 | 9.8851000 | | 9.9217602 | 10,0782398] $ 
9.8070114 | 98849945 | | 9.9220170| 10,0779830| +» 
9.3071.626 | 9-884 8889 | | 9.9222737 | 10.0777263 | 6] 
9-8073136 | 98847832 | | 9.9225304 | 100774696 | 5 
| 9:8074646 | 9-8846775 | 9.9227871| 10-0772139 | 4 
9-8076154 | 9-8845717 , | 9.9230437 ; 10-0769563)\ 3 
9.80776632 | 9-8844659| | 9.9233004 10.0766996 | 2 
g-8079169 | 9.8843599| | 9.9235570|.10-0764430 | 1 
9.8080675 9.8842540 9.923$135 | 10.0761865 - 
__}» Sin, 50. | Tang. yo. | MH 


— 


Fiff 2 


GLASS to T7 


TE 00WU 


Cr I ——_— _——  ——— — 


= 
bh 


7 Sine 4 — Sine 40 , 


—— 


ERR 


gs 58080675 9. 98842540 


58082180 9.38841479 
98083684 | 9,8840418 | 


| 


g9.8085188| 9.8839357 
-t $086690 | 9.88: 8294 


9. 8088192 9.88 $837232 


9. 8089692 
9. 8091192 
9.8092691 
9.8094189 
9-80: .$095686 
9. 9.8097 182 
9.8098678 


I3]9g9.8100172 


22 


9.8101666 
9.8103159 
9.8194650 
9.8106141 
9.8107631 
9.810g9121 
9.811 10609 
9+ 9-8112096 
9.811358; 


23 |9.8115069 


24 
2 5 
26 
27 
28 


9.8116554 
9.511 811807 8038 
9+ 08119321 
9.81321003 
9.8122484 


« [29 | 9-8123965 
0 |9-8125444 


9. 2 8836168 
9.8835104 
9.88 34039 
98832974 


95686 | 9.553 $83 1908 


| 


9+ -8830841 
9.8 829774 
9.882 8706 
9.8827638 
9. 8826568 


9: 8825499 


9-8824428 
9.8823357 
9.8822285 
9.882121 3 


9.8820140 | 


9.8819067 
9.8817992 


9. 8816918 


9. 9-8815842 
9. 9.881 4766 | 
He] 
9.8812612 
9.8811534 
9-8810455 


" Sine 49. 49. 


= 


| 


= 


Tang-40 


9.9238135 
9+9240701 
9+9243 266 
9:9245831 
9.9248396 
9.9250960 
9.9253524 
9.9256088 
9.9258652 
9-9261215 
9. 9.9263778 


9.9266341 
9.9268904 
949271466 
9,9274028 
9.9276590 
9.9279152 
9.9281713 
9.9284274 
9.9286835 


99289396 


9.9291956 
9.9294516 
99297076 
9.9299636 
9-930 »Q JZOZI9F 


|9:9304755 
9,.9307314 
9*9309872 
949312431 
9, 9.9314989 


A I ee 
ae ns 
em 


I'O —TI400S 
10, 12:2749040 


100746476 | 
10.0743912; 
10.0741348 
I0.0738785 


0 10,0736222 


IO, 10.0733659 
10-073Tog6 
20-OFBETES 
10-.0725972 
IC.0723410 


10.07208 48 


, 10,0715726 
10,0713165 
10, 10,0710604 
10, 10.0708044 
IO, 0705484 
IC, 0702924 
10,0700354 
10,069780g 


10-0695245 
10.0692686 


10.0687569 
10,0685011 


— 


10,0718287 "43 


10,0690128} 32 


T ang.49. 


|M, 
6 
59 
58 
57 
56 
T5 


| 54 
53 
F2 
F1; 
50 
49 
48 
47 
46 
45 
44 


42 
4! 
40 
30 
38 
37 
36 
3 
34 
[33 


31 
JO 


—————— _— 


28 


[27 


26 
25 
24 
23 
22 
21 
20 
Ig 
18 


I7 
16 


5 
3 
I2 
|S | 
IO 
n= 
C 
6 
3 
4} 


_ Sw 40- pg T ang. 40. cog 
9.8125444 9.8810455 9-9314989 I0-06850t 1 30 
9-8126923 | 9-8809376| | 9.9317547 | 10.068245 3 29 
9-8128401 | 9.8808296| | 9.9320105 | 10,0679895 
9.8129878 | 9-8807215 7 © 9.9322662 | 10,0677338 | 
9.131354 9-8806134| 9+9325220| 10,0674780 | 
9.8132829| 9.88®5052| | 9.9327777 | 10.0672223 
9.8134303 | 9-3803970 | | 9.93 30334 | 10.0669666 
9-81 35777 | 9.8802887 | | 9.9332890110,0667110 
9-$137250 | 9.8801803 9-933 54465 | 10: -06645 54} 
9.8138721 | 98800719 | | 9.933800; | 10.0661997 
9-3140192 | 9-3799634 | | 9-9340559 | 10:0659441 
9.38141662 9.8798548 9.9343114| 10,0656886 
9.814313 | 98797462 { ' 9.9345670 | 10,0654330 
9.8144600| 9-3796375| | 9.9348225 | 10.0651775 
 9.8146067 | 938795287 | | 9.9350780 | 10.0649220 
9.8147534 | 9:3794199| | 9.9353335 | 10:0646665 
98148999 9.8793110| | g, 9.9355889 | 10,0644111 
9-8150464 | 9.879202 | | |9:9358444| 10.064 556 
9.8151928| 9,8790930 OTE 10,05 39002 
9.8153391 9.8789840| 9-9363552 | 10,0636448 
98154854 9.8788748| 9.9366toy 10,0633895 
9.8156315 7 19-9368659 10.0631341 
9.8157776 1 9.8786563 | 9.9371212 | 20-0628788 
9.8t59235 | 9-8785470| | 9.9373765 | 10.0626235 | 
9.8160694 | 9:8784376| | 9.9376318 | 10-06236$2 
g-S162152\9 9.8783281 9.9778871 | 10.0621129 
9+ 9-8163609 | 9- 9-$782186/ 9.9381423| 10.0618577 
9.8t65066 | 9-8781095 9.9383975 | 19.0616025 
9.8166521 | 98779994 9.938657 | 100613973 2 
g9.8167975 | 9:3778896 | | 9.9389079 | 19-0610921 |. 1 
9.8169425 | 9.58777799| | 9.9391631 | 10-56c836g 
SLEELREINS cn 5 QUE EEO Y Vang 
Sin, 49+ Tang. 49. by 


755 —o5,- EE 2 


Sine 41, | 


9.8169429 
9.8170882 
9.38172334 
9:3173785 
9.8175235 
9.8176685 
9.817813; 
9.8179581 


9-8181028| 


De DEC 


98777799 
9+8776700 
9.8775601 
9.8774501 
98773401 
9.8772300 


9.8771198 


9.8770096 


9+8768993 


98182474 | 9. 8767889 
9-8183919|9.8766785 


| 9.8188250 
9.8183692 
9.38191133 
9.8192573, 
9.-8194913 
9.8195450 
9.81968$7 
9.8198325 
9. 8199761 
9-8201196 


9.8185364 | 9.8765680 
9.8186807 | 9.87645 74. 


9.8763468 
9.8762361 
g9.8761253 
9.8760145 
9-87 59036 
9-8757927 
9. 8756816 
9.8755706 
9, 8754594 


9.875 3482 


9.8202630|9.8752369 


9.8204063 | 9.8751256 


98205496] 9.8750143 


98206927 9.8749027 
9.8208358| 9.8747912 


9. 8209788 | 9-8746795 
9.8211217| 9:8745679 
9.8212646 | 9.87 44561 


Sine 48. 


yr 


T ang. 41. 
9.9391630 
9-9394182 
99396733 
99399284 
9.9401835 
9-9494385 


9.94994836 


OO —— 


10,0608369 bo | 


Io0,0605818 
10-066 3267 
10, 0600716 
IO0,0598165 
I0,0595615 
10.0593064 
10,0590514 


9.9412036| 10.0587g64 


9-9414585 , 190585415 
99417135 | 10.0582865 


9.9419684 | 19-05803 16 


949427331} 
9.9429879 
9.9432438 
9.9434976 
9-9437524 
9.9 440072 
9:9442619 
949445166 
9.9447714 


| 


9.9450261 
9+9452807 
949455354 


9-9457900 


9.9450447 


9.9422233 | 19-057776 
9-9424782 | 10-057521 


10,057 2669 
10,0570121 


10,0567573 
10.0565024 
.10,0562476 
10,0559928 
I0.0557381 
10.05 54834 
10,0552286 
10.0549739 
10-0547193 
10.0544646 
10,0542100 
10:05 39553 


9.9462993 | 10-0537007 
9.9465539 | 19.05 34461 
9.9468084 | 100531916 


al kc 


i 
57 


"Sine qt. _ 
9. 53212646 


9+8214073 

|\g9.8215500 
a 9.8216926 

g+8218351 

9.8319775 
9.8221198 
9.8222621 
98224042 
9-8225463 
9.8226883 
11 9.8228302 
219.8229721 
; | 9.8231138 
9.8232555 


"M, 
r 
T7 


9-8241027 


98242448 
9.8243858 


.$249490 
5 2250896 
9,8252301 
9.825 3795 
[EE 


| 


T ang. 41 a 
9.874 44561 —— 10,05319161 30 
I5 9470630 | 10.0529370 | 29 
90743443 0493175 py. 28) 
47 oh oO 10.0534280 | 27 
arias, <a! 10.0521735| 26 
Seeds] | 9947RaGs | romgatrag|a6 
9. - at, . = 
9. 10,0516645 4 
qo 99483055 10,05 14101 ' 23 
587 ; 1 9.9483443 | 10.051 1557) 22 
are [oper roatedt4 
9.8733352 9-9493531 10.05064 dir 
SING 9.9498619 | 10.0501381118 
53529976 | 5- 9501162, 10,0498838 m 
5 42128 8849 | 4 9:9503705 | 10,0496295 
28737723 | 9.9506 06248 10,04937521 5 
= he, 5-950879t 10,0491 209 | 14 
9.872 466 | |9.9511334| 10.0488666 , 13 
anions lg. 9513876 10,0486124| 12 
* Roan 9.9516419 10,0483581 | 11 
9.8733076 9.95. 18961 | 10,0481039, 1© 
< _— 9.9521503|] 10,0478 497 
58719813 99524045 ws ot. { 
of 18681 9.9526587110,0473413 
4 8 9-9529128 | 100470872 E 
<A 9.9531670 | 10.0468330 _5 
= NT 9534211 10,0465789 4 
menos 9:9536752 10,0463248] 3| 
Cert aero anno of 
| $34 | 10.04581 
Sn [apt neatoge| & 
i " # Taxg. 48. 'M 
Sine.q8. T4 1/ 


Feit 4 


. mr Sine . 42. 4. ns Tang 42 
"o|9-8255109] 9:8710735 | | 99544374 
| 1] 9,8256512 9-8709597 | | 9:9546915 
| 219,8257913, 9+87084581! | 9.9549455 
| 3 {9-8259314 | 9-8707319] | 9-955 t995 
4 | 9:8260715 9-8706179| |9.9554535 
5 | 9.8262114 | 9-8705039] | 9-9557075 
5|9.8253512 j 9.8793898! { 9-9559615 
719:8264910| 9-8792756| | 9.9562154 
${ 9.8266307 | 98701613] | 9.9564693 
| 9| 9.836703 |9.8790479| | 99567233 
19{\g9.826909$1 98699326 | | 99569772 
11 {9.8270493 | 9+8698182| | 0.957231 
t2| 9.871887 ; 9-$697937 9-9574850| 
13 9-827 3279 |9:369589% 99577309 
14\9.8274671 \9.8694744 | , 9.9579927 
Is 9.8276063 | 9.8693597 9.95 82465 
16| 9.827745 3 | 98692449 | | 9.9589004 
17 | 9.8278843 | 9-86913%7 | | 9.9587542 
18] 9.,92802331 | 9.86901 52 | 9.959c080 
191 9.8281619 1 9.8689992| | g.9592618 
29 | 9.8283006 | 9-8687851} | 9.9595155 
21 9-8284393 | 98686700 | | 00597693 
22 |9,8285778 | 9.8685 548] 15.9600230 
23 19.8287163 9-8684396) | 09602767 
24 9.8288547 | 9-8683342 9.9605305 
tz5|9.8289930 | 9.8682088] |, 0607842 
26 | 9.8291312 | 9-3680934| | 9.0610378 
27 ) 9.8292694 ' 9.8679779 9.9612915| 
28| 9.8:294075 | 9-8678623]| | 9.9615452 
29 | 98295454 | 9-8677466 | F9.9617988 
39 | 9.8296833 | 9-8676309| | 9.9620525 
ba Sine. 47; 


10,045 5626 
IS EAD 


10,045 3085 $ 
$9.0448905, 5 
100445465 
10.044: 925 


10.0440285 
10.04 37846 
10.043 5307 
10,0432767 
10.0430228 
10,0427689 

10,0425150 4 
| 10,0422611 47 
10,0420073] ,; 
10.0417535| 45 
10,0414996 | ., 
10,0412458] ,: 
10,0409920| 4, 
10.0407382] ,1 
10,0404845 


5 


£ 


10,0402307 
10,0399770 
10,0397233 
10,03946951 3 
10-0392158 
10,0389622 
10,0387085 
10,0384548}| 32 
10.0382013] 31 
100379475 [39 


—_ 


Tavg +47. M 


ET: 


46 


jo 


;t 
F3 


ſ5 
56 


57 
58 


z 
O 


Sine 42. 
58296 $33 33 
Ferro Iz 


2 | 9:8299589 
> | 9.83 90966 


9,.8302342 


[35 9.8303717 


98305091 
9.8396464 


| 9.83078 37 


9.8309209 
g9-8310580 


9-831 1950 


9.8313320 
9.8314688 


948316056 | 


9.8317422 


9:831 18789 
9.8320155 


9.8324246 
9-83 25609 
9.$325970| 


9.833 8331050 


9+ 5-8332408 
9.8333766 
9,83 35122 


9-8336478 


9-8337833 


9.8675309 


9.8675151 | 


9. 8673992 
9.8672833 
98671673 
9.8670512 
9.8669351 
9.8668189 
98657036 
9.38665 863 
5-8664699 
9-8663534 
9-8661202 


9.8660036| 


9.86 58868 


98657700 
9:8656531 


${9-8321519|9.8655362 
49 | 9+8322883 | 9.8654192. 


9.865 8653021 


9.865 1849 
9.8650577 


53 19+8328331 | 9-3649504 
74 | 9.83 29691 9.8648331 
9:38647156' 


| 


Tang-q2 | 


$.9620525 
949623061 
9+9025597 
9.9628133 
9,9630669 
9.963 3204 
9-9635740 

9.9638275 
- 9640811 | t| 


9-96433465 
9:9645881 


9.9648416. 


9.966108g 
9-9663623 
9+9666157 
9.9668692 
949671225 
9.9673759 


\ 


9. 2.364598 | | 


9.8644896 
9.8543629 
9.864245 3 
9-8541275 
Sine 47. 


| 


9.9676293 
9-9678827 
9,9681360 
9-9683893 
9.9 9:9686427 
9,9588960 
9*9691493 
9+9694025 
9r9696959 


| 


— —— 


10.0779475 
10,0376939 


30 
29] 


10.0374403 | 28 
I0,0371867 27 
10,0369331 | 26 


10,0366796 
10.0364260 
10,0361725 
10.0359189 
10.@356654 


25 


24 
23 
22 
21 


10,0354I191 20 


I0,0351584 


9.9650g51 | 10.0349049 
94965 3486 | 10,0346514 
9.9656020| 10.0343980 


9.9658555 IC. -0341445 


10.0338911 
10,0336377 
10,0333843 
10,0331308 
10.0228775 
10,0326241 
10.0323707 
4c,0321173 
10,0318640 
10,0316197 


I0.03 I3573 
IO-OJI 1040 
I'O, 0308507 
10,0303441t 


_|_Tange 47. 


| 


| 


9 
18 
17 
16h 


h. 55 FIT PLL. 

9-833783 3] 9-8641275 | | 9-9696559 | 10.9303441 
9-83 39188 | 9.86 40096 | | 9.9699091 | 10.0300g0g 
98340541 | 9:8638917 | ! 9.9701624 * 10,0298376 
9. 3341894 | 9+8637737 | | 9.9704157| 100295843 
9-8343246 | 9:8636557| | 9.9706689 [10.0293311 
9-38344597 9.8635376| | 9,9709221 10-0290779| 
9-8345948 ; 98634194 ; 7 9.971 ph omgy 


9.8347297 | 9.863301 | | 9,9714287| 10,0285713 
9-8348646 [ 9.8631 828| {g9.9716818] 10.0283 182 | 
58399994 [9-8630644 9:97193511 10.028065g/ 
9-8351341 9 8629460 [9:97 27882 10.0278118 
9-8352688 9-8659274| 9-9724413| 100275587 
9.8354032 | 9.8627088| | 9.9726945 | 10.0273055 
9.83 55378 | 9-8625902| | 0.9729477]| 10,0270523 
9.8356722 | 9.3624714 | | 9.9732008| 10,0267992 
9 8358066 | 98623526] |9.9734539| 100265467 
is | 98359908 9-86223381 |9:9737071 | 10.0262929 
9.8360750; 9+8621148| | 9.97 39602 | 10,0260398 
18| 48362091 g-8619958 | | 9.9742133 | 10,0257867 
19; 98363431 | 9-8618767 | | 9,9744664 | 10.0255736 
20 | 9.8364771 | 98617576! | 9,9747195 | 10.0252805 
21 | 9:8366109 | 9.8616383| | 9.9749726| 10,0250274 
22 | 98367447 , 9.8641 5190} | 9,9752257 | 10,0247743 
23 | 9.8368784| 9.8613997] | 9.9754787 | 10.02453213 
24 | 9.83701 | g9.8612803 | | 9.9757318, 10,0242683 
125 | 9-8 371456 | 9.8611608 | 9.9759849 10,024015; 
26] 9.8372791 | 9.8610413| | 9.9762379| 10,0237621 
271 9-8374125 | 986092151 |9.9764909 | 10.023 50g! 
28 Tn acer | 99797440 10,0232560 


FS DO EESIEICILIE. 


29 | 9.8376790] 9-8606821 hdres 10,0230030 
lzo19.83781221|9.$605622 -977250O0{|[ 10,0227 500 
32 9.537 a. 997725 259 


Sme, qo, 


"Tang. 40. / 


[Wy Sonea3e | _ T ang « 43» 
I ol 98378122 | 9.8605622 | | 9.9772500 | 10.0237500 30 
nt | 98379453 | 9:8604423 | | 9.9775030| 10.0224970| 2g) 
2 9.838078; | 9.8603223 ' 19.9777560| 10.0222440 | 28 
331 9-3382112| 9.8602022 | | 9,9780090 | 10,0219g910 | 25 
j4 9.8383441 g9+8600831 99182620 | 10,0317380 26 
15 98384799 | 9.3599619 | [9.9785149 [10.0219851 | 25 
16 | 98385096 | 9.8598416| | 9.9787679 | 10.0212321 | 24 
3719-4387422|9.8597213 | | 9,9790209 | 10.0209791 | 23 
38 | 9-8388747 '9.859600g | | 9.9792738| 10,0207262 | 22 
g| 9.8390072 | 9.8594804 | | 9.97952681 10.0204732 | 21 
40 9:8391396 98593599 þ 99797797 | 10,0202203 | 20 
t | 9-8392719 | 9.8592393 ; | 9-9800326| 10.0199674 | 19 
2 | 9-839404t t9.8591186| | ,9802856; 10,0197 144} 18 
3 j9.8395363 | 9.8589978 | | 9,9805385| 10,0194615 | 17 
4 | 9-8 396684 | 9.8588770 | | 9.98079141 10,0192086 | 16] 
5 9.8398004 9.8587561 9+9810443| 100189557 | 15 
9. 8399323 '9.8586351 | | 9-9812972 10.0187028 } 14 
47 { 98400642 9+8585141] | 9-98155017 10.0184499] 13 
148 | 9-8401959 | 9:85 83929 9.9818030 10,0181970| 12 
49 9-8403276]9-8582718 | | 9.9820559 10.0179441]1T1 
Fo 98494593 9.8581505 9.982 3087 10,0176913 _ 
$1 |9.8405908 | 98580292 | | 9.9825616| 10,0174384| 9 
52 | 9-8407323 9-8579078| | 9.9828145 | ro.0171855 | 8 
53 |9-8408537|9-8577863 | |9:9830673 | 10.0169327| 7 
154 | 9. 84098501 9.85766487 | 9.9833202] 10,01667g98| 6 
4 | [55 |9:8417162|9:8575432| | 9:9833730| 10.0164270 | _5 
56 | 9.8412474 | 9-85 74215] | 9.9838259 | 10.016174r| 4 
$7 1 9+8413785 | 9-8572998 | | 9:9840787 | 10,01592135 3 
$1] 9-8415095 | 9+:8571779 | | 99843315 | 10-0156685} 2 
9 | 9-84164041 9.857056 | | 9.9845844 | 10,0154156| 1 
60 908417713 9:3569341 9.9848372 | 10,0151628| © 
Sine46. M 


—— —— —— 


1 + Ip 


> 159 cow 0 
"EO 


| Sine 44 


9-8417713 
9. o-8419021 
9-8420328 
9.8421634 
9-8422939 
9-8424244 


9.8569341 
9.8568121 
9-8566900 
9.8565678 
9-8564455 
9.8563232 


9-8425548 
9.8426851 
9-$428154 
9.8429456 
9-8430757 


\9-8432057| 


9-2433356 


319: 8434655 


$-8435953 
9 9 8437250 
9+2438547 
9-8439842 
98441137 
9:8442432 
9.1 725 
58445018 
9-8446310 


|9- 844750 

9.8448891 
by He$8459181 
26 oo ph 
27 | 9.845275 
23 [9-845 4945 93534992 
9 | 9:8455332 | 9+8533662 


9.8562008 
9,8560784 
9.8559558 
9-8558332 
9 8557106 
9.8555878 
9.8554650 

g9-8553421 
9.3 552192 


9. 9.8550961 


9.854 $49730 
9.8548499 
9.8547266 
9.8546033 
9.8544799 
9.8543564 
9.8542329 
9.8541093 
9.8539856 
98538019 


[9-ns 37381 


9485 36143 


30 | 9.8456618 9.853242 1 


— 


A 


| "Fine 45. p 


Tang 44: 
9-9848372 


9.9850900 


9-98 53428 
9-9855956 
9-9858484 
9.98 9861012 

9.9863540 
> S865008 
9-9868596 
9-9871123 
9-9873651 
9:9876179 
9.987 8706 
9-9881234 

99883761 


ITT. 
9.9891344 
9.9893871 
99998199 


1 9,9898926 
9. 9.9901453 


9,9993981 
9:990650+t 


4 «9909035 ; 


9. "992408; 


9.9916616' 


19919143 
99921670 
949924197 


' 


A — 
IO.OT51628 
————— ————— 


10,0149100 
l[O-OT46572 
I 0-01 44044 
I 0,014IF I6 
10.01 38988 


10,0136460 4 


IO,013 3932 
10,0131404 
100128877 
10.0126 349 


I0,01238231 
10,0121294 
10,0118766 
10,0116239 
TO.OIT 3711 


T—— 


r0.0111184 
I0,0108655 
10,0106129 
$©.0103601 


10.0101974 


r0,0098547 
10,0096019 
10,0093492 
10, 0090965: 
10. | 0.0088438 35 
i 0,0085g11 
r0,0083384 |: 
10.0080857 | 
10,0078230} 


19,0075853 130 


Tavg. 45. 1 


56 


| 


Sine 44. 


—__ 


9.8456618|9.8532420 


9+8457903] 9.8531178 
9.84591 87 | 9-3529936 


9.8460471 
9.34617 54 

9.8463036 
9.8464317 
944465598 
9.8466878 


9-38528693 
9+8527449 
9.3526204 


9.8524958 
9.8523712 


'9.8522465 


9.8468157, 9.8521218 
9:-8469436 9:85 19969 
98470713 5:85 18720 


98471991 | 948517477 | 


9.847 3267 
9-3474542 


9.847517 


9.847 7091 


9-847$364 ; 


9.84796 37 
9.8480909 
9.8482180 


9.8516220 
9.85 14969 
9,8513717 
9,851 2494 
9+8511211 
9+8509957 
9.8508701l 
9.8507 446 


9.8483459 | 9.8506190 
9.84$4720|9.2£504933 
g9-8485983 | 9.8503675 
9.8487257 j9.8502416 
9.8485 524 g9.8501157 


9.8489790 9+ 9.8499897 97 


57 4 9:8491056 | 9.8498636 
5$] 9-$492221]9.8497375 | 
59|9-8493586 
60] 9,8494850 


9.8496113 
9.84948 50 
Swe 45 


= 


—  — —— 


_——————— 


' 


| 


| T ang, 44. be 2 t 
9:9924197 | 10.0075802 
9:9926724| 10,0073275 
949929251 | 1040670748 
9-9931778 | 10.0068221 
9.9934305 | 10,0065694 
9-99i6832 | 10.0063 167 


9.99 39359 :; 10,006064 1 
23! 
221 


9.9941386 |10,0058114 

9994gg12 10.0998 

9.9946939 | 10.0053060 121 
9. 9-9949466 , I 0, 0050533 20 
9-9951993 | 100048006 19 
9,9954520|10,0045480 | 1 18 
9.9957047 | 10,0042953 


9-9959573 | 10,0040426 
9.9962100 | 10.0037 899 


9.9964527 | 10.0035373 


17 
16| 
v3 
14] 
13 
I2 
T1 


— 


9. 9967153 | 10,0032 846 
9+9969680 | 10,0030319 
9.9972207 | 10.0027793 
9-9974733 10-0025 266 
9.9977260 |10,0022739 
9-9979787 | 10,0020213 
9-9982312, 10.0017686 
| 9. Fi ,0015159 


9.99 87367 | 10,001263 3 


9.9989893 | 10,0010106 |. 
9-9992420 | 10,0007579 
9-9994946 | 10,0005053 
10,0002526 
10, 0000090 


= a——_FETEIET 


| - wa | ou »! 0 


* 9. 9997473 


oO « COCOOcD | 2 Ez 


Tang. 45» 


-LeGort prafiice Matheſ, e os fludi oſo, S:P. 


ANON noſter-uſum haber , -in triangulorum 
ſphzricorum ſolutione, eundem quem tabulx $i. 
nuam recornm 8 Tangentium ab aliis cditz,ſed 
praxin paulo faciliorem, Nam eorum multiplica- 
tionem per additionem, & diviſionem per ſub- 

ſtrationemgv cxtraRionem ratlicis-quadjatz per bipartiti- 
ONnem Qavitamus- b: 


urfi daris tribus lateribus quzratur angulus, crit 


Ut retangnlum ſub ſinibus crurum, 
ad quadratum Radit; ' 
Ita reftangulum ſub ſinibus ſemifurme trium laterum, 
&diftcrenciz inter hanc ſemiſummam & baſin, 
ad quacratum Co- ſinus ſemianguli quzfiti. 


Ur intrangulo FZS, (referente Polum, Zenith, & Solem) 
datis lateribus, Þ $ gr- 70.84 P gr. 38m. 30, XZ S gr. 40, 
fi quzratur angulus PZS, cujus baſis cft P S : ſumma late- 
rum erit gr. 148 ws 30. {cmiſumma.gr. 74 ».. 15, diftcrentia 

inter ſemiſummam & gy. 4-99.15. 

Hic nospro quadrato Radiiponimus 2.000co000 'Radii, 

duplum , cui addimus 99833805 Sinum gr. 74. w 15. 
$.8698679 Sinum gr. 4,” 14, fient 
Z 18.853 2484. Dcinde pro reftangu- 


lodiviſore addentes 9-7 941495, Si- 

. num gy. 38 #- 30. & g.8080675 Si- 

3 N\. nem gr-40, facimus 19.6022170, & 

S K P auferimuse 38-853 2484, ita reſtant 


19,2510314+ Horum ſcmiſlis eſt 

9-6255157 Sinus ſemianguli cxterni gr. 24, 58, /. 24 : & 

Co-ſfinus ſemianguli interni gr-65, w.1, [.36,8 proinde gotus 
angulus quzſirus eſt gr. 130, ». 3,/. 12+ 

Quogd 


Quod fi quis pro Sinibus auferendis addat corum compte-- 
menta ad Radium, non alia indigebit fubtratione. Ur pa- 
tere poteſt ex collatione utriuſque praxcos, 


Gr. M. 
O' 20.0000000 
38 30 947941495 © 2058505 
49 © 9.8080675 «1919325 
148 30 196022170 
74 15 9.9833805 99832805 
8-.* iy $. 8698679 8.8698679 
20,0000000 
38.85 37 484 


Gr, M,S. 19.15103214 Cr. M.S. I9.2510314 
24 58 24  g-6a55157 65 1.36 9-6255157 
49 56 48 130 3 12 
Eadem ratione, ſed majori compendio, f6lyuntur cztera 
quz quzri ſolent in triangulis ſphzricis: fine ope Secantium 
aur Sinuum verſorum, ut pluxibus non fic opus autprxceptis - 
aut exemplis. Bs 
Idem {i defideres in: triangnlis reQilineis, adjunge noſtris 
Amici & Collegz Hemrici Brigis Logarithmos, Nam co ni- 
timur fundamento,codem utimur operandi modo, 
Vale, & fi hac tibi gratia fucrint, plura + nobis ia hoe 


genere expeſta- 


FINIS. 


TEN CHILIADES, 


OR, THE 


LOGARITH MS 


of Abſolute Numbers,'; from an 
Unite .to Ten thouſand. 


The Uſe of the Canon. 


His C A NON hath like uſe asthe Tables of Right 

Sities and Tangents ſer forth'by others, but the pratiſe 
ſomewhat more caſte. For keepeing to: their Rules, an! 
working by theſe Tables you may uſe addition inſtead of 
their multiplicaxion, and ſubſtration inſtead of their diviſi- 
on : And ſoreſolve all ſphericall Triangls without the help 
of Secants or Verſed-fines. 

The like may be done for the ſolution of right lined Tri- 
angls, by help of the Logarithms of my old Collegue and 
worthy friend Mr. Henry Briggs (10000 whereof follow) 
For both proceed from the fame ground, and ſo require the 
ſame manner ot work, as I often fkew in my publique Le- 
Qures in Greſham Colledge : Where I reſt, A triend toall 
that arc ſtudious of mathematicall practiſe, 4 % 


Gge8 


Rom Logarichms. | Num| Logarithm. Num] Log aricbm. Num| Log arithm, 
T0.0000000 | 36,1.5563025 | 7Jin-851 2583 | 106[2.0253058 
$(0.3010300 37/1.5682017 |, 721148573325 | 107 2,029383 
30,4771212 by £4405 73/1.8633228 | 108]2, 0334237, 

0,6020600 1.$910546| 74/1,8692317.| 19912403 374265! 

| $j0.6989700 _ 4916620600 7513-87 L, 8750613 _11012-041 3927 

* gl0.7781512 47/8. 6127838] 7611. 7.8808136 "11/2 0453230 

7,0-8450980 42/1.6232493 77|1,8864907 | 1122. 04921 80! 
0,9030900 43/1.6334684 7811.8920946 | 113;2. 0530784 
0,9542425 44,1.6434527 79|1-8976271 | 114|2.0569048, 
10] 1.00920000 45/[1.0532125 $0]1.90309gO00 | _I1s 2. 0606978 
71111.0413927 | 46/1,6627578 $1/1.9084850| 1162 06445 $0! 
121,0791812 | 47|1-6720978| 82 1,9138138| 117|2.068185 
1311,1139433| 45 1.6812412 8$3]/1-g190781 | 118]2.0718B82 
14 1.1461280 49\1.6901961 8411.9242793 | T1292» 0755469 
15/1-1760912} 59 1.6989700 85 1.9294189 120/2. wa 44h 
1611,2041 200 F1|1.7075702 $611:9344984 | 121 2. 0827854 
1911.2304489 | $2/1-7160033 $71-9395192 | 1222+ 0863598 
181,2552725 | $53/1-7242759| $8]1-9444827 | 723/2.089g051 
ro/1-2787536| $411-7323937 | $9]*+9493900 | 12412-2974217 
20/1,2010300| 55 1.7403627 __ $011.95 42425 _I25 2,.0969100 
2111-3222193 5$6|r.7481880 | 91/1.9590414 | 126j2-1003705 
| 22/1-3424227 | $7]1-7558748| 921149637878] 127 2.1038037 
23[1,3617378| 5$811.7634280| 93 1,9684829 | 128|2-1072099 
24/1.38023112 $9[1.7708520 | 94/1-9731278 | 1292-1 105897 
2511.3979400 | G6o[1-7781512 _ 9511-9777236 _130]2-1139433 
2614149733 | 61]1.7853298| 96 1.9822712| 131/2.1172713 
27,1-4313637 | 6211.7923917 97 1.9867717 | 132/2-1205739 
2 1.4471580 63 1,7993405 9t-9915468 I 3J 2.1238516 
in| 6 64\t.8061800| g99[1.9956352 | 134 2,1271048 
30/1,4771212 G51 1,$129133 _ 100j2.0000000 _135/2-1303337 
31 1-4913617 —6611-8 11 195439 101|12.0043214| 136/2-1335389 
331,5051500 67/1.8260748| 102|2-0086002 I 37/2.1367305 
33/7. g185139| 68/1.8325089 | 103 2,0128372 138/2.1398797 
341.5314789| 691.8388491 | 10412,0170333 | 13913-143074%% 
35|1.54409680 70 1,8450980' _ 10513,0211893 | 14012.1461 280 


«<1«172 


Num' Logarithm | Num Log ar ithn \_ Num! Num! Log arithm. 


141,2.1492191 
142/2.1522833 
143|2,1553360 
144;2,1583625 
14512+ 2-1613680 
1146 
147 
148 
143 


150 


2,1673173 
2.1702617 
2,1731862 
2.1760g12 
2-1789769 
2.1818436 
2,1846914 
2,1875207 


51 
1523 
153 
I54 
155 
"256 
157 
158 
159 
160 
161 
162 
| 16: 
164 
165 


"166 
167 
1] 16% 
169 
170 


| I7T; 


2.1931246 | 
2.195 8996 
2-1986571 
2.201397 
2+204T200 
2-2068258 
2-2095150 
2-2121876 
2,2148438 
2.2174839 
2-2201081 
22227164 
2.-2253093 
2.227 8867 
2.2 304489 
2,232 9961 
22355284 
| 1732+ 2380461 
174 2. 2405492 
175'2-2430380 


2 ons | = 


1176/2. 22455126 
1771. 2479732 
178|2,2504200 
179\2.2538530 
180,2,2552725 


2 2:1643528 | 781z 12576786 


1$2)2,2600714 
183)2,2624511 
184 2,264$178 
185]2. 2671717 
"18612, 2695129 
1372.27 18416 
198|2.2741578 
189/2.2764618 
190;2. -2787536 
191|2, ,.2$10333 
192|2,2833012 


193]2.2855573 
194/2.2878017 


195|2. 2900346 


196|2,2922501 
1972+ «2944662 
198 2,2966652 
199|2.2988531 
200\2.301030O 


—— — 


201/2,3031900 
202/2.3053513 
203, 243074960 
204/2. ,3096301kr 
/205[2+ 3117538 
206, .3138672 
on | In «3159703 
208/2,3180633 
209,2,3201463 
2102 2-3222193 


| 


211, 2, 23242824 
21213.3253358 
213\2-3283796 
214|2.3304138 
2153.3 324384 
"216123344537 
21712.3364597 
218|2.3384565 
219] 2.3404441 
220|2+-3424226 


2.3443923 


221 
222 
223|2, 
224\2+ 
225 


—  — 


226 
227\2, 
228 
229 
230[2. 


231 
333 


300-375 29120 
237/2.3747483 
238|2.3765770 
229 23783979 
240,2-3802112 


—— 


241 2.3820170 
242 2+ 3838153 
243|2,3856063 
244\2+387 3898 
245\2-3891660 | 


276 


Num Num Logar rithm | 


246 2, 3999351 


247|2-3926969 
24% 2239445 17 
2:3961993 
2.3979400 
2. 3996737 
2-40 L400F 
2 54/ 24048337 
(2,4065402 


2.4082399 


249 
250 


251 
252 
253 


255 
256 


25712, 


25 
25 


260 


261 
262 


263: 


264 
265 


"265, 
267 


2682, 


269 


27012, 


2792 
273 
274 
275 


377 
278 
279 


271/243 


244329093 
2+43 45689 
2.4361626 
2.437759) 
24393327 
2+4409091 
2.4424797 
2.444944 


2+4456042 


28 


2.447 1580 


fo. ws wit A wa Habs GI ot er RS ES rs = SG = et a are an I RCnmnuwoen 


| 


lum' Legarit hm. 
281,2,4437063 
282] 2,4502491 
-, 2,45 17864 
(2.45337 $3 
385 12-4543 448 
3286/2 2-4563660 
287|2-457881 9 
288 2.4593925 

2,4608978 
290 2-4623980 


29112-4638930 
292] 2.465 3838 
293] 2.4668676 
294 2.468 3473 


295] 24698220 
296 204712917 


2.4727564 
298]2.4742162 
2-4756712 


200/2.4771212 


30124785665 
302] 2.4 800069 
303|2,4814426 

2.4 828736 


1395 2.4842998 


2-4857214 
307,2-4871384 
308 2.4885507 
309/2.4 899585 
31 2.4913617 


311} 24927604 
3$12|2,4941546 
3$1312.495 5443 
314 2,4969296 


315|2.4983 105 


316|2.4996871 
317/2.5010593 
3182, 5024271 
319/2.5037907 
320 2.5051500 
321, 2,.5965050 
322/2,50785 59 
323|2.5092025 
324 2.5105450 
325/2.5118833 


326 2,5132176 


327/2-5145477 
328/2,5r 58738 


330 


335 


329 


331 
332 
333 
334 


336 
337 
338 
339 
349 


2.5 171959 
2.5185139 
2-5198280 
2+J21 1381 
2-5224442 
2.5237464 
2.5250448 
2,5263393 
2.5276299 
2.5289167 
2+5 301997 
2.5314789 


341 


2.5327544; 


342 


2.5340261 | | 


3431245352941 
344/2.5365584 | 
34512. 2.5378191 | 
"346|2-5 390761 | 
347 2.5493295 


348, 2,5415792 
349|2.5428254 
| 350: 2.54406 80 


| Num| Log arithn, Num| Logarithm., 
351,2-5453071 | 386[2.5865873 
352[2,5465436 | 387]2.58771 _ 
353/2.5477747 | 388]2-5888317 
354|2.5490033 | 389]2.5899496 
355 2,5502283 _ 390 2-5910646 
"356 2,5514500 | 391 25921767 
35712.5526682 | 392[2-5932861 
358]2.5538830 | 393|2-5943925 
359]2+5550944 | 394|2-5954962 

_360]2. 5563025 | 39512:590597! 
361[2.5575072 | 396|2-5976952 
362]2.5587086 | 39712.5987905\ 
363|2-5599066 | 398|2-5998831 
364)2.5611014 | 399|2-6009729 
36512,5622929 | 400j2.6020600 
366|2.5634$10 | 401/2-6031444] 
367]2.5646661 | 402/2.6042260 
368|[2.5658478| 403|2,6053050 
369|2,5670263 | 404|2,.6063813 

_ 370|2.5682017 | 40512-60745 50 
371/2.5693739 | 406|2-6085260f 
372|2.5705429 | 497]2.6095944 
373]12.5717088 | 40826106602 
374|2-5728716 | 409|2-6117233 
37512» 2, 5749313 ops 6127838 
"376/2,5751878 | 411/2.61 38418 
377\2-5763413 | 412/2+6148972 
378|2.5774918 | 413|2-6159500 
379|2.5786392 | 414'2, 6170003 
3802, 5797836 7836 | _415/2.618c42} 
\ 38112, 2-5809250 | 4162 2.619092? 
302/2-5820634 | 417 2,62C136c 
383\2,583198* | 621176: 
2842 84 6222140) 
3$5\2.50 2232493 


Num' 


Logarithm. 


422 


4242 
425 
. 426 

427 

428 


439 


431 
432 
433 
434 
435 


2292 


436 
| 437 
438 
439 
440 
$4r 
442 
441 
, 444 


| 446 
447 
448 
449 
| 459] 


451 


457 


42 [2.6242821 
2 6253124 


2.6263403 


.627:657 | 


2-62838$8)5 


2.5294296 
2,6394279 
2.6314438 
6324573 
2.6334584 
2-6344773 
2.6354337 
2.636437) 
:.6374897 
2. 6384892 
2.6394865 
2.6404814 
26414741 
2.6424545 
26434527 
2-6444386 
2-6454223 


[3+ 6464037 


2.6473830 


445. [2.6483600 


2.5493348 
2.6503075 
2.6512780 
2.6522463 
2 26532125 
2, 15541765 


2.6551384 
2.656098 2 


453 
454 2.6570558 
© 55 2- 6580114 


3112.5655810 


2.6674529 


T|2,5730209 


47) 2,6766936 


26812412 


$[2-6848453 


Num, Logeritbm. 


456(2+65 89648 F 
\2+-6599162 


2.6608655 
2.6618127 
to 2 
2.6637009 
2.6646420 


2,5665180 


2. 6683859 859 
2.5693169 
2.6702458 
2.6711728 
2.6720978 | 


2.6739420 
2,6748611 


2.675778} 


2,6776069 
2-6785184 
2.6794279 
2,.6803355 


16321451 
2.6830470 
2.6839471 


2.6857417 


2,6866363 
16875289 
2.6884198 


Num £: Log arithm. 


491 2:6910815 
492 2:6919651 
493 2-56928469 


494 2.6937209 | 
495 2.694605 2 | 


495, 2x6954817 
497 2,.6963564 
498|2.6972293 
499/2- -6981005 
Foo! 24 2:6989700 


244 2.69983 77 
FO2 2,7007037 
503/2,701 5680 
504/2-7024305 
505|2,7032914 


506{2:7041505 
507|2,7050079 
508|2,7058637 
509|2,7067178 
510j2,7075702 


Num, Logayithe. 
526/2,72098 
2nd _ 22186 
528 CO «7226339 
32912-72345 57 
33927242759 
F37|2. 

|*-7 2509g5 
5322+ 7259116 
$33,2-7267372 
534247275412 
aj «7283538 
5 «7291648 
2.729974} 

+ $2,7307823 
539 2.7315888 
|2.7 323937 


2.733 1973 
2.733999} 
2.7 347998 
2-7355989 

2,7363965| 


2,.6893088 
*,6901961 


F11[2,7084209 
512/2.7092699 
513|2,7101174 
514]2.,7109631 


2.7371926 
2-7379873 
2.7387805 
2.73 95723 
2.7403627 


Fl5|2.7118072 


516[2-7126497 
F17)2.7134995 
518|2,7143297 
FI9}2-7151673 
F20|[2-716003 3 


52112,7168377 
522127176705 
523j2,7185017 
$24[2+-7193313 
F25'2-7201593 


{2.7442930 


2,7411516 
2:7419391 
12+7427251 
2.743509 


247450748 
2.745 8552 
2.746634? 
5 59127474118 
56012.748188 


Num'L- Logari hrs. 
561/2,7489628 
$6212.7497363 
$632,7505084 
$6412.7512791 
565,2-7520484 
566/2 2:7528164 
$67,2-7535830 
$682.7543483 
569,2,7551123 
$792+75 58748 
$72 2 27566361 
$72/2.7573960 
$73|2.7581546 
$74 247589119 
$75 2:7596678 
$76|2.7604225 
$77 2-7611758 
$78, 2,7619278 
$79 2-7626785 
580 2.762428c 
5812.7 7641761 
582) 2.764923© 
$83/2,7656685 
$84 2,766 9122 
585 2.767155Þ 
586 2. 2-7678976 
587 2.768638L1 
| 588 2,7693773 
$89 2.770115 

—_—:: 
$91 27715575 
$92 2,7723217 
$93 2,7730547 
$94 2.7737864 


606 


— 


395 2.7745169| 


Num| Log arithm., 


596 
597 
59E 
599 
600 
601 
602 
603 
604 
605 


2.7]5974s 
2.776701 2 
2.7774268 
2.7781512 


2.7788745 
247795965 
2.7803173 
2,7810369 


2.7824726 
2-7831887 
2.7839036 
2.7 846173 
2.7853298 
2-7 £6041 2 
2.7867514 
2.7874605 
2.7881684 
2.788 8751 I 


607 
60 

60g 
610 
G11 
612 
613 


614 
615 


2,7752462 | 


2:7817554| 


 616/2.7895807 


617/2, +7902851 
618/2.7909885 
619/2.7916906 
_ 620/2. 17923917 
\ 6213/2, 7930916 
622/2, 7937904 
62312,7944880 
624, 
625 2 2,795®800 


\626/2. 7965743 


627/2,7972675 


6282.7979596 
oy 2,7986506 


_63012.7993405 


2,7951846 


5. | Num Logaruhm, 


6312. «8000293 
632/2,8007171 
63312,8014037 
634/2,8020892 
635 2, 2.8027737 


Num! | Logarith me- 


666| 
667 
668 
669 
670 


2,8241258 
2.8247765 
2.8254261 
2.8260748| 


2. Tromes 


638] 2.803457! 

637/2, 8041394 
638|2,8048206 
639|2.8055008 
_E40, 2. 8061800 


641 2. 2-8068580 
64212.8075350 
643|2-$0$2110 
644/2. 8088859 
_645/2.8095 597 
646 2, 2.8102325 
647|2+81 09043 
648|2, 8115750 
649 2,9122447 
_ 65092. 2.8129133 
651) 2, 2.8135810 
653]2. +8142476 
653\2 


654 2-8155777 
_ 655 2.816-412 


8149132 ; 


"656 2,8169038, 
657 28175654 


658 2,8182259 


659 2.8188854 | 


660 2,8194429 


£61 2.8202014 


6622+ $20852L0| 


663, 2.82151? 5 
664.2. $221681 


66512.82280216 
Gg883 


—— — —_—— — _—_— 


2.8267225 
28273693! 
673|2.82L0151 
674 2.8286599 

_67512- 8292 038 


"676 2. 8299467 
677 28305887) 
2.8312297! 
2. 8318698 
2. 2-8325089 


28331471 
2.8337844 
2,8344207 
28350561] 
2.82569c6 
2+-8JG6JZ 241 
2, 8369567] 
2. 8375884 
2.8382192 
2. 2-83 88491 
' 691/2,5394780 
692. 2. 8401061 
693 2. $407 332) 
694 2.841359) 
695 2.8410F 48 


671 
672 


696 2.£42C £92 
697 2.8432326 
698 2.8£438554 
699,2-8444772 
700.2,845098c 


| 


[ 797 


| 712 


701 
702 
793 
704 
» 
706 


708 
709 


710 


711 


2.8457180 
2-8463371 
2.8469553 
2.8475726 
28481891 
2. 2.848804 7 
2,.8494194 
2,.$500332 
2,8506462 
2.512583 


2+-8518696 


713 
71 


7x5 


716 


717 
718 


719 
720 


{ 


| 


WAL 


| 737 


722 
733 
724 
725 


[926 


127 
726 
725 


Kb, 
734: 
737 


733 


734 


2.8524800 
2.8530895 
2, 8536982 
2-8543060 


2,8549130 
2, 8555191 
2-$561244 
2. $567289 
2-8573325 
[2-8579353 
*.$8585372 
2+8591383 
2,8597387 
2-8603380 
2 2.860366 
21,8615 344 
[2.$521314 


.$639174 
2. 86457111 
28651041 
2.8656960 
2.866287? 


[Nam Logarithns | ons 


736 
737 
738 
739 
740 


741 
74? 
743 
444 


745 


746 


147 


748 


749 
259 


75) 
T5? 
753 


754 
75 


756 


757 
758 


759 
760] 


761 
762 
"7 


755 
1766 
767 
76+} 
769) 
770 


2+3668778 
28674675 
2,8680564 
2.8686444 
2:8592317 


2.8704039 
2. 8709888 
2.8715729 
2.8721563 
2.8727388 
2.8733206 
2,8739016 
2.8744818 
2.8750613 
2.8756399 
2.8762178 
2-8767950 
2.8773713 
2.877 9469 


2.86981 82 


EASE, Log arithms ariches 


77112-8870544 


772 
77 
774 
775 


776 
777 
778 
779 


_780, 
731 


782 
783 


2.8876170 
2. 8881795 
2.8887410 
2.8893017 
2-388g86r7 
2.8904210 
28909796 


2,8915374 
2-8920946 


Nu 


Logerithm 


— 


$05 2,90633 
807|2-906 $735 
80 


$092 
$10 


"$11 


$12 
813 


814 


$15 


2.8926510 
2,8932067 
2-8937618 


7842.8943161 


-78512-894! 
786 


i 


_ 8948696 
28954225 


78711.8959747 


788 
78 
790 


2.8785218 
28790959 
2, 8796692 
2.8802418 
2 2,8808136 
2, 2.98813846 
2. 8819550 
2+8825245 
64/2.,8830933 
5128836614 
2+ $842288 
2,8847953 
2.885361 2 
28859263 
2.88654907 


791 
793 
793 
794 
795 


2.8965 262 


912.8970770 
2.8976271 


2.899 1765 
2.8987252 i 


2.899273 2 
2.89982 05 | 


2,9003671 


ey 


816 
87 


gl 
81 


820 


$2 112. 
$2212. 


$23 


8242+ 
82512 
82612, | 
2+9175055 


827 


828 
$29 
830i 


796 
797 
798 
799 
Boo 


— ———— 


2.9009131 
2,.9014583 
2.9020029 
2.9025468 
2.90 J 0000 


801 
802 


2,9026325 
299941744 


803 
804 
8og 


2,9047155 
2,9052560 


'2+20579509 


| 


831 
832 
833 
$34 
835 
"$36 
837 


84 


832 
$39[19137630 


2.907411 


2. 2.908485c 
29090308 
2:9095 560 


2.9106 


2.9116901 
2,.9122220 


«907 94y; 


2.91 0090F| 


29111576 


29180303 


2-91B5545 
2.91 90781 
2,919601 
2-9201233 
2-920645 
2.921166 
2. 2.9216865 
2 2.922 2063 
2,9227354 
2.933 2440 


2:9243792) 


D —_—_ . 


Num, Logaruhn, 


9112-9595 184 
912/2.9599548 


913) '2, 9604708 ! 


914 9609462 
915/2.9614211 


916 2, 9618955 
917,2,9623693 
g18 2,9628427 
919 2-9533155 


9020 2. 9637878 


921|2,9642596 
922/2.9647308 
923|/2-9652017 
924,2.9656720 


925[12.9661417 


92612, 9666110 
927,2-9670797 
928|2 2.9675480 
929|2,9680157 
930 2.96845329 


Num Log ar ic hrs. Num| Logaruhm, 
| $4112.9247960 $7612.9425041 
$42 2,9253121 | $77/2.9429996 
$43/2,9258276 | 878/2,9434945 
$44/2.9263424| $79/2.9439889 
bs 29268567 _bvy0o 2-9444827 
$16/2-9273704 | 881]:.9449759 
1847 /2-9278834 | 882]2,9454686 
$4812.9283958 $83/2.9459607 
$49\2.9289077 | $8412,9464523 
[$502-9294189 | 885[2.9469433 
77 2-9299296 $8612.9474337 
$5212.9304396 | $8712-9479236 
$53 2.9309490 88812.9484130 
[854\2.9314579 | $89|2.948901g 
$55[2-93 19661 _Bgoſ2, 2.9493 900 
$56/2.9324738| 891/2-9498777 
1$57/2-9329808 | 892[2.9503648 
1858[2.9334873 | $93[2-9508514 
$59/2-9339932 | $9412.9513375 
$6012.9344984 | 895|2.9518230 
|861]2-935003r | 896[2.9523080 
$62/2.9355073 | 897|2.9527924 
1$63|2,9360108| Bgt[2.9532763 
$64/2.9365137 | 899|2-9537597 
| 865 2.9370162 _ $0012.95 42425 | 
$66/2-9375179 | 9012.95 47248 
| $67/2.9380191 | 902[2.9552065 
$68/2.9385197 | 903[2.95 56877 
$69/2.9390198 | 904|2,9561684 
$7012.9395192 | 905[2.9566486 
$71/2.9400181 | 906|2.9571282 
$72/2,9405165 | 90712.9576073| 
$73/2,9410142"| 908|2.95 80858 
$74|2,9415114| 909/2.9585639 | 
 $75/2.9420080 | 910/2.9590414 | | 


935 


Gg884 


931/2.9689497 
932/2-9694159 
933|2.9698816 


934|2-9703470 
2,9708116 


2,9712758 


936 
937 
938|2,9722028 
939|2*97 26656 
_ 940|2.97 31278 


2.9717396 | 


955 


960[2.98232712 


| Num| Logarithns, 


946 
947 
945 
949 
_ 9502 


951 
95? 
935 
954 


29758911 
2,9763500 
2.9768083 
2,977 2662 
2-9777236 
2978180, 805 
2-97 8636c 
2.979092 
2-9795424 
2-9800034] 
9501:.990457g 
957 229 SOgTIYf 
958)2.9813655 
959[2+981 8186 


2-9827234 
2.9831750 
2.9836263 
2+984077 | 
2.9845273 
" 966]2-982 *9E49771 
96712.9854265 
968\2.9858753 
96912. -9863238 
_ 97012. 2-9867717 
971 2.9872192 
972(2.9876663 
97 3/2-9881128 
974 2.9885589 
- 975|2. 2.9890046 


941. 2.9735896 
942,2+-9740509 
943|2, «9745117 
944 2 9749720 
945/2.9754318. 


| 977 /2-9898946 


- 976|2-9894498 


978, 2.9903 388 
979/2-9907 827 
980 2 9912261 


98r, 
982] 
983] 
984 
985 
986 
| 987 

988 
, 989 
| 990 
g91 
992 
993 
994 
995 


Num Logarithm | Num 


2.9916690 
2-9921115 
2.9925535 
2,9929951l 
2:9934362 


|2-9938769 


2.9943171 
2.9947569 
2.9951963 
2.9956352 


2.9960736 
2.9965 117 
2.9969492 
2.9973864 


| 996 
'997 
998 
999 
1090 


— — — 


{1001 
1003 
LIOOJ 
Ll 004 
41095 


1006 
1 007 
1 008 
[r009 


Ion 
[OI 2 
1013 


lOIO 


2.9982593 


2-9991305 
2.9995655 
3.0000000 


3,0004341 
3-0008677 
7-0013009 
3.0017337 
J-0021661 


3-0025980 
3,0030295 
3,0034605 
3-0038912 
3-0043 2.14 


| [OI4 


({OIF 3-0064660 | Icy 


2-9978231. 


2.9986951 | 


3.004751 | 
3-005 1805 | 
3-0056094 | 1948 
3.0050379 | 1049 


1016 
Ion7 
1018 
Io19 
1020 


lO21 
IO22 
I022 
1024 
1025 


1026| 
1027 
1028 
1029 
1030 


1031 
1032 
1033 


3-2068937 
3-007 3209 
3.007747 
3.0081742 
3,0086002 
3-0090257 
3,0094509 
3,0098756 
30102999 
$.0107239 


_— ————— ———— 


3.0II 1473 
30115704 
3.0119931 
3,.0124154 
3-0128372 
3.0132587 
3-0136797 
3,.0141003 
3.0145205 


1934 
IOJF 


[3.0149493 


1036|3-0153597 


1037 
1038, 


1039 


1040! 


I041 
I 042 
1043 
1044 


1045 


[3-0157787 
(3,0161973 
'2,0166155 
(3-0170333 
3.0174507 
3.0178677 


3-0182843 | 
3-018700O5 | 


3-0191163 


1046/3,0195317 | 


1047 


S) 


> 


3-0199467 


$.0207755 
2,0211892 


| 1OS2) 
3,0203613 | 1083 


| 10YO 


Log ar ithm N um 'Lo T4 arithy 


1OF1 
L053 


3-0216027 
3-0220157 


105 3/3.02242 84 


1054 
rofFs 


3,0228406 
3.0232524 


lo56 
IO57 
1058 
Io59 


I 060 


I o61 
Io062 
1063 


1064 


to65 
1066 
1067 


1058 


Io69 
070 
O71 
072 
1073 
I074 
I075 


3,0236639 


(3.02407 50 
(3-0244557 


[3-0248960 
3-0253059 
3.0257154 
3,0261245 
3,0265333 
3-0269416 
3.927 3496 
3-0277572 
3.0281644 
3,0285712 
300289777 
3.0293838 
3.0297895 
3-0301948 
3$.0305997 
3.0310043 
3.03 74085 


| 


| 


Num Logarithm 


1086 3.0358298 
1087|3-0362295 


IOZ3z 
I 89 
1090 
1091 
1092 
1093 
1094 
Iog5| 
1096 
1097 
logs 


Io99 
I TOO 


I1O1L 
I 102 
1103 
1104 
Itox 


1105 
1107 
1108 
I10g 
1110 


3+0366285 
3-037027 
3:93 74365 
3.0378247 
3-0382226 
3-03 86201 
39390173 
30394141 
3.03 98105 
2.0402066 
3.0406023 


3-040g977, | 


3.0413927 
3-0417873 
3-042 1816 
3.0425755 
3-0429691 
3-047361 
30437551 
3-0441476 


$-0449315 
3-0453230 


1076 
1077 
1078 
1079 


3-0318124 
3.03221T57 
3,0326188 


3-0334237 


1081 


1084 
Io8x! 


30338257 | 1116 
3$+0342273| I117 
3.0346284 | 1118 
3-03 50293 [I119 
3-03254297 | 1120 


# 
—_ 


3-0JJZO2 14 


Iz11 
IIt2 
I1I1} 
119 
II15 


— ———_ 


3-0476642 
3.0480532 


3.0457140 
3-046104 

3+0464952 
31.0468852 
3.0472749 


— 


3.0484418 
3-0488301 


3:0492180} 


3.0445398| 


— 4 


DO ——— EE Eq" FEAT RT 1, a mn wm = 1» og = ww wy ww 


— 


— — —_ _ 
-_ ct Or is I rn res EE IA NS 
-_ - — = 


11127 


Num! 


Logavrithm. 


{1121 
1122 
1123 
1124 
1125 


| — 


1126 


1128 
1129 
1130 


1131 
1132 
1133 
1134 
1135 
1136 
[1137 
113 

1139 
1140 
141 
1142 
11143 
11144 
45 
1145 
147 


3.0496056 
3.0499928 
3.0503797 
3-0507663 
3,OF11525 


3.0515384 
3.0519239 
3-05 23091 
3.0526939 
3-05 30784 
3.0534526 
3.05 38464 
3-0542299 
3-0546130 
3-0549958 
3-0553783 
3-05 57604 
3.0561423 
3.0565237 
3.0569048 
3.0572856 
3.0576661 
30580462 
3-05 84260 
3,05 $8055 


3,2591845 
3.0595634 


Num |Logarithm. | 
1156, 30629578 
1157,3-0633333 


1158/3,0637035 
1159/3-0640834 
1160|3,0644580 


161 


I162 
1163 
1164 


1166 
1167 
r168 


3.0648322 
3.0652061 
30655797 


3.0663259 


3.0659530 
1165 


Num! Logaruthm, 


119113-0759118 
1192|3,0762762 
1193|3.0766404 
1194 3.0770043 
1195|3-0773679 


| 1964.07 0777312 


t 197 3.078041 
r198/3.0784568 
I 19913 0788192 
1200/3,0791812 


3.0666985 
3,0670708 
3.0674428 


I'2O1l 


1202 


I203 


3-0795430 
3+0799045 
3,0802656 


1148/3.0599419 
149: 32,0603 200 
1150/3, 0606979 


1169 
1170 
L171 
1172 
1173 
1174 
1175 
1176 
[177 
1178 


1179 
1180 


3» 3.0685 569 
3,0689276 
3,0692980 | 
3.0696681 


3-0704073 
3.0707765 | 
30711453 


3.0678145 | 1204|: 
3-0681859 | 1205/3,0809870 


3-0700379 | 


20206265 
12063.0813473 


1207/3,0817073 
1208/3. ©820669 


1209/3, 0824263 | 


12103, 3.0827854 | 
Tz1I 3+ 3:0831441 
1212/3,0835026 | 
1213 3,0838608 | 


1181|3.07 22499 | 


(1216/3, 3.0849336 


| - 


” O— 


3-0715138, 1214/3,0842187 | 
3.0718820| 1215/3,0845763 | 


1182\3+ 0726175 |1217 3,0852906 | | 


1183]3- 0729847 
11 84/3.073 3517 
1185|3-0737183 | 


t151/3; 0010753 
t152/3-0614525 
(1153 3- ©5 18293 
154, 3-0622058 
1155!l2.0625820 


a 


118613, 1.0740847 
1187|3.07 44507 | 


1189'3 


ht ot hed #Þ b {ef 


121$3.0856473 | 


1219 3,0850037 
1220 3 0863598 
122117,0867156 
1222 3,0870712 


| 11883. 0748164 | I 22333, 0874264 
0751818 | 1224} «2877814 
1225 3.0881361 | 


| 


\Num 


| Logarithm, 


no 
1227 
I228 


I229/3, Okg5519 
I23JO' 


3-0884905 
J-0888446! 
3-0891984 


1230/3.08990F51 


1231/3.0902580 
1232/3,0906107 
1233/3 $3-0909631 
1234/3- «Og13151 
1235/3. 0916669 
1236|3.0920185 
1237/3.0923696 


1238/3, +09272006] 
1239, 


1240 
I 241 
1242 
1243 
1244 
1245 
| 1246| 


1247 


1248 
1249 
1250 
1251 
1252) 


3-0930712 
2-093 4317] 
3.09937718 
3-0941216 
3-0944711 
3.09948204 
3.0951693 
3.9955180 
3-995 8664 
3.0962146 
3.0965624 
3,0969100 
3-0972573 
3-0976043 


1260 J-1003 03705 


1253|3-09795 HI 
1254 3.0982975] - 
bO 3-0986437 
1256 2.0989896 
1257 360993353 
1258|/3,0996806 
1259 3.1000 257 


1261) 
1262 
I263 
264 
I265 


I 266 


1268 


1267, 


1269 
1270 
I271 
1272 
1273] 
1274 
1275 
1276, 
1277, 


1279 
1280 


3-1041455 


1278 


3-IOOFIFI 
3-1010593 | 
3-I1014033 |, 
3.1017471 | 
3-1020g90 5 
31024337 
3-1027766 
3,1031192 


Num; Logarichn. Num, Logarithm, 


I 297 
I298 


I 299 


[1296 3, 1126050 


3+-1129400 
3.1132747 
3.11360g1 


I 300 3-I139433 


m, Num, Log ayithm, 


1331 
1332 
1333 


1334 
1335] 


I1301,3,1142773 , 1336 


1302/3» 1146110} 1337 


1303/3.1149444 1338 
1339 


3-1034616 
3.1 038037 


3-1044871 
3,1048284 
2,10951 694 
3-105 F103 
3+ J-1058507 
3.1061909 
3-1065308 
3-1068705 
,3-1072100 


1282 


1283 
I2 
1285 


129 


128113, 1075491 


3-It 05897 


2/3-1115985 


1295 3-1122698 


3.1078880 
3.1082266 
3. 1085650 
3.1089031 
3-1092410 
3.1095785 


3. IO99T5F9 
3.1102529 


J.,1109262 
Z-1112625 


3.1119343 


[304 3- «1152776 
1305\3- 3-1156105, 
1306|3.115 1159432 | 
1307 3. 1162756 
13083. 1166077 
1309,3.1169396 
131031173743 | 


1340| 
1341 
1342 
1343 
1344 
1345 


1311/3,1176027 


1346 


3-1241780 
3-1245042 
3-1248301 
J.1251558 
3-1254813 
3-1258064 
3.1261314 
3-1264561 


31271048 
3-1274288 
31277535 


3.1280760 
3-1283993 


3-1287223 
3.1290450 


3-1267806 


1312; 


1313 


1314 
3-1 189257 


315 


31179338 
3.1182647 


3el185954 


I316 
1317 
1318 
1319 
1320 


I 321 
1322 
1323 
I324 
1325 
1326 
1327 
1328 
1329 


1330 


3-1192559 
3-1195858 
3-I199154 
3. I 202448 
3-1205739 


1347 


1348 
1349 
135O 


I351 
I352 
1353 
135 
135 


3-12090328 
3-1212314 
3.1215598 
3.1218880 


3-1223159| 1360 


3e-1225435 
3-12258709 
3,1231951 
3.1235250 
2.1238516 


| 


1357 
I358 
1359 


I361 
1362 


1363/3.1344958 | 1398 3-145 5071 
13643.1348144 | | 1399 3+ 1458177 
1365 3.1351326 | 1400 3-146128c 


f351 


I356 


3.1293678 
3.1296899 
3-1300119 
3-1303338 


3,13065F3 
3-1309767 
3.1312978 
3-1316187 
J» 1319393 


361322597 
3-1325798 


31332195 
31335389 


3-1338581 


3.1341771 | 


3.1328998 | 


WW 


1394 . 

2293|3<222 144574? 

1396/3. 1448854 
| 1397 3+ «1451964 


——— 


[1433] 


|Logarithm. | 
49113.1464381 
0213,1467480 
49313-1470577 
3+147 367 
3.147676} 
3-1479853 
3-1432941 
3-1486026 
ki43g110 
3-1492191 
3.1495270 
3.1498347 
3-1501422 
3-1504494 
3-1507564 
3.1510532 
3-15 13698 
3-1516762 
3,1519824 
3,1522883 
3.1525941 
3.1528996 
13-1532049 
Ze1535100 
2513-1538149 


1426]},1 541195 
1427|3-1544240 
1428|3.1547282 
1429, 3.1550322 
1439,3,1553360 
1431]3,1556396 
[143213-15 5943 | 

J-1562462 | 
1434! 3-1565491 
1435'2- t568519!| 


—_—— 


Num|Logarithm,” Num Logarnhm, 


1436 
14373 


1438 
1439/3 
1440 
1441 
1442 
1443 
1444 
1445 


Jo $71 744 
1574568 


3e1577589 
«1580608 


3.1583625 
3-15386640 
3-1589653 
3-1592663 | 
3$.1595672 
z-1598678, 


1446 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1458 
1459 
1460 
1461 
1462 
1463 
1464 
1465 
1466 
1467 


3-160168} | 
3.160468g5 | 
3.1607686 | 
3-1610684 | 
3-1613680 


3-1616674 
3,1619666 
3,1622656 


3-1625644 


3-1631614 
3.1634595 
341637575 
3-1640553 


3.1643528 
3.1646502 


3-1652443 
z.165541T | 


3.166134c 40 


1468 


1470 


3662460! 


12.1673173 


3.1658376 


31649474 


[1501 


| 


3-1676127 
316793078 


1471 
1472 
1473 
1474/3.168.4975 | 
1475]3-16 1687920 
1476/3.1690863 
1477\3.1693t05 
1478/3.1696744 
I1479|3.1699682 
1450 3,1702617 
1481|3.1705550 
148 2/3,1708482 
1483|3.1711411 
1484|3,1714339 
1485 341717 264 
1486]3c17 1720188 
1487/3.1723110 
14883. 1726029 
r489/3.172 3947 


3-1628630 | 1490 3, 3.1731863 


1491 31734776 
1492.3,17 37688 
1493,3.1740598 
1494 3.1743506 
1495 31746412 


1496,3.1749316 
1497,3,17522T8 
1498 3-1755118 
1499 3,175 8016 
1500/3.1760913 


1501/3.1763807 


| 1502/3,1766699) 
3-1667260 150313. .1759590 
146913.1670218| 1504 


2,1772478 


1505 2,1775365 


Num| Log ar:thes,| 


1506 


1507 
3-1682027 | 


150 


150913.17 86892 


I510 


IF 
I512 
I513 
I514 


IF15 


i516 
I517 
1518 
i519 
1520/3 
1521 
1522 


3-1778250 
3-1781132 
[3.178401 3 


3-1789769 
3-1792645 
3.1795518) 
3-1798 389 
3-18$01259 
3.1804126 


3-1 806992 
3.180985 
51812708 
3-1815578 
3-181 $436 


2.1821292 
3-1824146 


1523/3.1826900 
1524/3.182g85c 
1525|3.183 2698 


1526 3.1B35545 


1527) 
152 
1529 


d 9 


1530 


1531 
1532 


3.18332 90 
3.1841233 
3. 1844075 
3.1846914 


3-1849752 


3-185258 


1533|3-185542] 
1534 3.1858253 
1535|3-186108 


1536'2.1863912 
1537, 3-1866739 
i538 3.186g9563 
1539 3+ .1$72.366 
1540 3-187 5207 


Num| 


1541 
1542 
1543 
_ 11544 
[1545 
1546 
1547 
I548 
1549 
1550 
IS51 
I552 


Logarithm: 
3-1878026 
3.1880844 
3-1883659 
31886473 , 
3-1889285 | 
z-1 892095 
3-1894903 
3.1897709 
3-I900514 
3.1903317 
3,19061 6118 
3-1908g17 


1553 
1554 
555 
1556, 
I557, 
1558, 
1559 
560 
Is61 
I562 
1563] 
1564 
1565] 
1566 
I567 
I568 
1569 
1570 
571 
157213 
1573 
1574 
I575 


3,1911714 
3.191450 
31917304 
3+ 3-1920096 
3.1922886 
3-1925674 
31928461 
3.1931246 


3.1934029 


3.1936810 
3-1939590 
3-1942 367 
3.1945143 
$+1947917 
3,.1950690 
JeI9 53460 
3.1956229 
3-195 8996 
3.1961762 

3-1964525 
2.1967287 
3-197 0047 


3-1972806 


—— 


1576 3.1975562 1611. 3-2070g55 | | 1646 3: 21642 
1647 3+ 2166936 
; 1648 3, 2169571 


I577(3» 1978317 1612 


1579, 


3.1983821 16143.2079035 


EL 2073650 | 


1049 


». Num Num Logarithm, 1m, Nom! Logarithm, Num, Num, Logerirhes, 


16429 


3+2172206 


| I5 80,3» 3-1986571) I615 3.208 2081725 , 1650 322174834 


1581[3,1989315 m 


I582| 3-1992065 | 1617, 


1583/3. 1994809 1618 
1584 3-1997552 | 1619 


3.2087100 | 1652, 
3-2089785 3653 


3. 2092468 ? 


1585 3-200 2000293 1620/2. 2-2095150 | 1655/2, 


15863. 3.203032 | 1621 
15873. ,.2005769 

1588/3, 2008505 
1589/3,2011239 
1590/3.2013971| 
I591.3, 3.2016702 
I 5$92/3. 2019431 
1593|3.2022158 
1594 3.2024883 
I595|3.2027607 


1623 


1625 


DO 


1627 
1628 
1629 


1622 


1624 


1626 


1630 


3.2100508 | 1657 
3.2103185 | 1658 
3-2105860 
3-2108534 


1661 
1662 
1663 
1664 
1665 


3.2111205 | 
3.2113876 
3.21165 44 
3-2119211 
3-2121876 


1596, 3.2030329 | 1631 
1597 3-2033049 | 1632 
1598/3.2035768 | 1633 
1599 3.2038485 | 1634 
1600/3. 2041200 | 1635 
1601/2. 3:2043913 | 1636|J,213 
1602 3» 2045625 [1637 
1603 3.2049335 | 1638 
1604 3,2052044 | 1639 
1605 /3-2054750 | 1640 
1606 3+2057455 | 1641 
1607 3-2060159 | 1642 
1608,3,2062869 | 1643 


1666 
1667 
1668 
166g 


3.212454 | 
J-2127201 


3.2129862 
J-2132521 


(3+2 140457 


3-2148438 | 


1609 3. 2065560] 1644 
1610 2.2068259) 1645 


3-2135178 | 1670 


32137833 


1671 
1672 
1673 
1674 
1675 
1676 
1677 
167% 


3.2143139 
3.2145789 


3-2151086 


$e-2153732| 
3,2156376 


3-2097830 | 1656|3-21g0 


1659 
1660 


—  — — —_—__ } 


| 1616/3, 2094414 651] 3-2177471 


3-21 8016 
3o21 82728 
3.2185355 


Jo «2190603 
3-2193225 
3. 2195845 
3-219846 
3-2201081 
3.22036 

3.220631 
J-2208921 
3+2211537 
302214142] 
3-2216750 


3-222 1960 
3+-222456? 
2:2227163 
3-2229764 
3+22 32367 
3+-2234959 


3+2237555 
3 2290008 


3 $2242740 
J+2245331 
32247920 


3.2159018 | 1679 
3.2161659 | 1680 


3+-3250507 
3-225 30g7| 


3+2219356| 


3-225 5677 
1,22 58260 
[3-2260841 
3,2263421 
$-2265999 
13-2268576 
3-2271151 
3.2273724 
3-2276296 
3.227 $867 
3-2281436 
{3-22 84004 
3.2286570 
3.22891 34 
895\3-2291697 
696|3.2294258 
697|3.2296818 
698/3.2299377 
109913. 2301934 
1700 3.2304489 
3.2307043 
3.23095 96 
3.2312146 
3.2314696 
3-2317244 

3+2319790 
1707/3.2322335 
1708/3.,2324879 
1709 


3.2327421 
17t0/3.2329961 
1714|3,2332500 
1712/3.2335038 
T3 


| 


171 4 


Num! Logarichm. | 


2245] 


3$.2337574 | 
3-2340108 


1715 3-23 42641 


1716 
1717 
1718 
1719 
1720 


1721 


1722/3, 236CJ31L, 


Num 


Logarithm, 
3234517; 


3-23 47703 
3.2350232 
3-2352759 
J-2355284 


3. 3-235780g 


1723|3-2362853 
1724/3-2365373 


1725/32 
1726] 
1727 
1728 
1729 
1730 
1731 
I732 
1733 
1734 
1735 
1736 
1737 
1738) 


1739, 


1741; 
1742] 
1743] 
1744 


1746 
1747 
1748 
1749 


1750, 


3-2367891 
3-2370408, 
3+-2372923, 
3-2375437 
Zo 2377950, 
Jo 3-23 80461 
3.2382971 
3-2385479 
3.2387986 
3.2390q91 
3o2 392995 


34795497 1771 
3.2397998 | 1772 
3.2400498 [1773 
3.2402996 | 1774 
27403-2405 2405492 1775 
3.2407988 | 1776|3.2494430 


3-2410481 
3-2412974 | 
3.2415465 


3+2417954| 


3.2420442 
3-2422929 
3024254973 
3.24278g98 
3-2470380 


1759 


Num: Leg rithms. Num Logarithm 


1751 
1752 
1753 
1754 
215513 
1756} 
17573 
17583 


17&c 
1761 
1762 
_—_ 
1764 
[2765]3 
1766 
1767 
1768 
1769 
1770 


3-245 5127 


1777 
1778 
1779 
1780 
1781 
1782 
1783 
1784 


—O— - _— -— 


3.2432861 
3-2435341 


3-2437819 
3+2449296 
32442771 
*2445245 
2447718 
-2450189 
$.2452658 


Jo 


—_ — — 


$-2457593, 
3-2460059 
3-2462523 
3.2464986 | 

3.2467447 | 
3-2469907 
3-2472365 | 
3.2474$23 
3.2477278 | 
3.2479733 | 
3-2492186 
3.2484626 
3-2487087 
3-2489536 
3-2491984 


3-2496874 
«24993718 
py 


3. 2504200 


3+-2506639 | 
$-2509077 
3,25J11513 
3.2513948 


1785 


3.2516382 | 


1735 
1787 
1788 
178g 
1790 


32518815 
J.2521246 
3+-2523675 


2,252853 


'1 795 


1801: 


1791] 3+ 


1792 
1793 


7 

1795 
1796} 
1797 


1799 
1800 


1 803 
1803 
1804 
| 1805 


1806 
1807 
I 808 
180g 
1810 
1811 
1812 
r813 
1814 
1815 
(1816 
1817 
1818 
1819 
1820 


3+25 $2725 


3+-252610: 
5 
| 


2530950 
3-25333Z8C 
3.25 35803 
3.2535224 
hang a? 


Zo 3-2543063 
3-2 545481 
3.2547t97 
3+2550312 


$+2555137 
3+-255754 

3+2559957 
3.2562 365. 
3+2564772 
3+-2567177 
3-2569582 
3-2571984 
3. 2574386] 
J. 3+2576786 
br 


32581582 
3-2583978 
3-2586373 
[3-25 $8766| 
J-2591158 
3+-2593549| 
3$+2595939 
3+-2598327 
J. 2600714 


Il82113.2603099 
I82213.2605484 | 


| 


I382313.2607867 | | 1858 
I824]3-2610248 | 
1825|3.2612629 | 


1856 
1857 


1859 
1860 


1 826]3,2615008 
1827|3.2617385 
1828|3.2619762 
[$29]3.2622137 
1830 3-2624511 


1831 3. 2. 2626883 
1832]3,2629255 
1833|3.2631625 
1 $34[3-2633993 
I183513-2636361 
1836}3.2638727 
18 37]3-2641 092 
183813-2643455 
1839}3.2645817 
1840[3.264817L 
1841[3. 2650538 
1842[3.2652896 
1843]3-2655253 
11844|3-2657609 
1845]3.2659964 | 1886 
1846|3.2662317 
1847]3.2664669 
1848|3-2667020 
1849[3.2669369 
1250;3,2671717 


t 85 1]3.2674064 
1852/3-2676410 


ISAS 


1861 
1862 
1863 
1864 
1865 


NE. Num|Logarichm. | 


3-2685780 
3-2688119 
3.2690457 
3-2692794 
3:2695 129 
3-2697454 


3-2699797 
3-2702128 


3-2704459 


3-2706788, 


1866 
1867 
r $68 
1869 
1870 
I 871 
I872 
1873 
18743 
1875] 
1876| 
1 877 
1878 
1879 
1880 
1881 
188213 
1883 


3-2709116 | 
J-2711443 | 
3.2713769 


Num | Logarithm. 
1891, 3+; e2766915 
1892, 3.2769211 
(893 3+ 2771505 
1894 3. 2773800 
1895 3- -2776092 
1896 3-2778383 
1897 3.27 80673 
1898 3.27V2962 
1899 3-2785250 
19003. 3.2783536 
1901/3. 3-2789821 
1902/3,2792105 
19033, 2794388 


3-2716093 | 1904|3.2796669 


3-2718416 


3-2720738 
3.2723058 
3.2725378 

+27 27696 
3. 3-27 $OOTJ ? 
Jo 3-2732328 
3-2734643 


3-2736956 


1905/3.2798950 
1906/3- 32801229 
1907/3.2803507 
1908 3-2805784 
1909/3. 2808059 
910,2.2810084 


911 I'2. 2.28 12607 
1912/3.2814879 
1913,3.2817150 


3+-2739268 | I914|3. 2819419 
3:2741578] 191 513-36 2821688 


3. 3-2743838g 1916/3.28; 2823955 


3+-2746196 | 1917/3,2826221 


3-2748503 | 1918/3-3828486 | 


1884|3. 2750809 19193, 2830750 


1885 


302753113 


1886 
1887 


1853|3-2678754 
[185 4|3-2681097 
[185 513-2683439 


ets 


1888 


32755417 
$.2757719 
3-2760030 


1889|3.2762320 
1890! 3 2764618 


| 1920/}. 2833012 


Num] Lys _—_ 
1926|3-2846563 
1927 3+2 848817 


1928|3.285107 
1929|3,2853321 


1939/3-2855573| 


I931\3.2857823 
I932 . 


193313 
1934/3» 
193513, 


I937 
1938 
193913» 
194013: 
I941 
1942 
943 
1944 
1945 


1946 3.289192 
1947] 3.289365 
1948/3.28958 
19493. 
Ig950 3,2900 


I951/3. 
I952 
I953 
1954 3.29092 
I955/3+2911 


1921/3,2835274 
1922/3,2837534 
1923|3.283979} 
1924|3-2842051 
I925'3,2844307 


1956 3.2913688 
1957 3.2915908 
Ig958 3,2918127 
I959 32920344 


1960 3-2922561 


3-2924776 
$.2926990 
3-292920J 
$- 2931415 


3-2933626 


9723 
973 
974 


983 


955 
986 
1987 
1988 

989 
i990 
Iggy 
1992 


984 
985 


199? 
1994; 
I995 


3-2935835 


IN, 
968/3.2940251 
969 3-2942457 
2b 
971'3. 2946866 


3. 2944662 


+2949069 
3.2951271 
3.295 3471 


3.2968345 


23.2971036 
($+2973227 
32975417 
3:2977605 
32979792 
$.2981979 
J,2984164 
3.2986348 
3.-2988531 
3.2990713 
342992893 
$.2995073 
$+2997251 
3-2999429 


290. | Num| Lygarithm, 


1996 3.3001605 
1997[3-3003781 
1998[3.3005955 
1999/3. 3008128 
2000}3,3010300 


200113.3012471 
2002/3,3014641 
2003 
2004 


2005 


3-3018977 
3-3021144 


3-3016809| 


Num| Leg arithm, Num! i Log arithe, 


2031/3. 3077099 
2032/3.3079237 
2033|3+-3081374 
2034/3-3083509 


2025 


2036 
2037 
2038 
2039 
2040 


—__T___ 


2006 
2007 
2008 
2009 
2010 


2011 
2012 


3-3023309 
3-3025474 
3-3027637 
3-3029799 


3.3034121 
3.3036280 
2013|3,30384385 
2014/3.3940595 
2019/3+304275! 
2016'3.3044905 
2017/3,3047059 


3-303196r | 


2041 
2042 
2043 
2044 


2045 


2046 
2047 
2048 
204913 


2050 


2051 
2052 


2019/3,3049212 | 205J 
2C19/3,3051363 | 2054 
2020,3.3053514| 2055 


2021|3,2055663 
20233, -3057812 
202313-3059959 
2024 2,3062105 
202 5/3.3964250 
3026/2,3066394 
| 2027, 3+ 43068537 
20283, 2070679 
2029 3. 3072820 
2020'2.3074960 


[2056 


2057 
2058 
2059 
206013 


3-3085644 
3-3087778 
3-3089910 
3+-3092042 
3. 3094172 
3. 3096302 


3+ 3-3098430 


2066 
2067 
206? 
2069 
2070 
2071 
2072 
2073 
2074 


[2022 


2076 


3-3100FF7; yy 
3.3102684 


3.3104809 


3.3106933 
3-3109056 


3-3111178,) 
3-3113299 | 2083 

3115420 | | 2084]3 
3.3117539 | 2085 


3-3119657 
33121774 
3-3123889 
3-3126004 
2.3128118 


3.312022J1 


3.3136563 | 
«3138672 


2061 
2062 
2063 
2064 
2065 


3.3142 887 | 
3. 3144992 | 


| 


2078 


2079 
208c 


2081 
20812 


2085 
2087 
2088 


2089 


— — 


J,3151303 
33153405 
J+-Z1555O5 
}+3157605 
243159703 


3-3161801 
3-3163897 
3.3165993 
3.3168087 


3+-3170181 


3+3172273 
3+3174365 
3.3176455 
3+3178545 
3+3180637 
3-2182721 
3-3184807 
3.318689} 


3.3188977 
3+3191061 


3-3193143 
3-3195224 
3-3197305 


3.3199384 


2090/3, 3+320146} 


2091|3+3203540 
3+3x32343 | 2092/3-3205617 
3.3134454 | 2093|3-3 207692 
2094, 3-3 209767 
209515. 3.3211840 


3-3140780 2096/3-32 «32139123 


2097 


2098 3. 
$.3147097 | 2099} 
3.2149200 | 2100 7. 


3+-3215984 
3218055 
+3220124 


3222193 


| 


Num Logarithm., 


bbs 4 3324260 


| 


| 
| 


| 


2102 
[2103 
2 Ic43 
2105 
2106 
2107, 
2108 
2109 
2110 


2111 


'21I12 


211} 
2114 
2115 
2116 
2117 
2118 
2119 
2120 


— 


2121 
2122 


2123 
2124 
2125 


2126 
2127 
2128 
2129 
2130 


2131 


2132 


2133 


2134 


3.32326327 


3.322393 


3+3230457 


3.3232521 
j3+ 3234584 


3-3230045 
3-3238706 
3.3340766 
3-3242525 
13. 3244882 
3.324693 9 
3-3248995 
3-3251050 
3:3253704 
3+3255157 
3-3257209 
3-3259260 
3.32613IO 
3-3263359 
3-3265407 
3-3267454 
3-3269500 
33271545 


3.3275633 
343277675 
3-3279716 
3.3281757 
3.3283796 


3.3285834 
3-32 87872 
3-32 89909 
3- 3291944 


©2135 


3:3293979 


3.3273589 | 


Num \Logarithm, 


2136) 


2137 
2138 
2139 
2-140 
2141 
2142 
2143 
2144 
2145 
21,46 
2147 
2148 


2149 
2150 


2151 
2152 
2153 
2154 
2155 
2156| 
2157 
2158 


2159 
2160 


— 


2161 
2162 
2163 
2164 
2165 


2166 
2167 
2168 


3+3296012 | 
3-3 298045 
3.3 300077 
}+3302108 
3.3394138 
3. 3306167 
33308195 
3.1310222 
343312245 


$3320973 


3+3 316297 
3.3318320 
3. 3320343 
3-3322364 
3-3324385 


[3+3 326404 


3.3328423 
3-333 0440 
3-3332457 


3:33 34473 


3-3336488 
3.33 38501 
343340514 
3-3342526 
3.3344537 


3-3346548 
3+3348557 
3-3350565 
3-3352572 


33354579 


3.3356585 
3-335 8589 


3-3360593 


2169j3.3362596 


217013.3364597 | 2205 


Num- agaricbm. 
2171,3+3 366598 
2172133368598 
217313+3370597 


3-3372595 
3+3374593 
3-3376589 
3.3373584 
3+3380579 
3+3382572 
33384565 
3+3386557 
343388547 
33390537 
3+3 392526 


3+33955O1 
3+3 398488 
3.3400473 
3.3492458 


3+3 406434 
3.3498405 
3+3410386 
3.3412366 
3-3414345 
3+3416323 
3.3418301 


3.3420277 
J.3422252 
3. 3424227 
3.3426200 
3-3428173 
3+3430145 
3.3432116 


3-3434086 | 


2239 
2240 


| Num 


2206 3.343605 
2207 3.343 8023 
2208-3, 3439991 
22093, +3441957 
22193. 33443933 
2211 3, 344588) 
2212 (3+ 3447851 
2213/3. +3449814 
221433451776 
221513-3453737 


3.3 404441 


art 


3+3 394514 | 222 355 


3: 


J+3 FO24 


mY 


wn» wu ww ww] ow &@ ©@» =» -» | 2 ww ww 


© 


Num! Logarithm. 


241 
342 
$243 

44 


1145 


2246 
37 
224 
1249 
1250 
25 
2252 
253 
254 
p255 
[156 
257 
1258 
23! 
6 
2261 
1262 
2263 
226 
265 


26 
1267 


3.3594419 
2.3 506356 
33508293 
3-3519228 
$.3512163 
3-3514098 
3.35 16031 
33517963 
3.3519895 
J-3521825 
$-3523755 
3+3525684 
3-3527613 
3.3529539 
3-3531465 
3.3533391 
3-3535316 
3-3537239 
3-3539162 
3-3541084 
3+-3543006 
$+3544936 
3-3546846 
3.354764 
3.-3550682 
3+3552599 
3+3554515 


3+3562171 
33564083 


213+3565 994 


3+3 567905 
3.3569814 


Num 


2276 
2277 
2278 
2279 


2280 


| Logarithm. 


3+3571722 
3-3573630 
3+3575537 
33577443 
3-3579348 


2281 
2282 
2283 


2284 


2285 


2286 
2287 
2288 
2289 
2290 


2291 
2292 
2293 
2294 
2295 
2296 
2297 
2298 
2299 
2300 
2301 
2302 
2303 
2304 
2305 
2 306 
2307 
2308 
2309 


3+3581253 
3-3583156 
3.3585059 
3.3586961 
3.3588862 
3. 3590762 
343592662 


$.3596455 
3:3599355 
3.3600251 
3.3602146 
2.3604041 
3-3605934 
3. 3607827 
3.3 609719 
3-3611610 
2-3613500 


3-3617278 


3-3621053 
3. 3622939 
3,3624825 
3-3626709 
3.3628593 
3-3630476 
[3.3632358 
3.3634239 


3.3594560 


3-3615390* 


3.3619166, 


Num|Logarithm- 
2311,3-3638000 
2312/3-3639878 
231313.3641756 
2314|3.3643633 
231513-3645510 


Num) Logarithm,) 
23463-3703250 
2347 ,3-3795131 
2348|3+3706981 
2349|3-3708830 
235073710678 


231613.3647386 
2317/3.3649260 
2318/3-3651134 
2319 3-3653007 
2320 3-3654880 
2321/3.3656751 
2322/3.3658622 
2322/3. 3660492 
2324|3+3662361 
2325|3.3664230 
2326 3-3666097 
2327/2+3667964 
2328/3.3669830 
2329303671695 
2330 3-3673559 
2331|3-3675423 
2332|3+3677385 


2333/3-3679147 


2338, 
2339 3-3690302 
2340, 3-3692159 
2341, 3+-3694014 
2342 3.3695869 
2343 3-3697723 
2344 3-3699576 
2-3701428 


— 


7334 3-3681008 | 
2335,3-3682869 


2336|3-3684728 


2351[3-3712526 
235213+3714375 
2353/3-2716219) 
2354 3.3718065 
2355123719909 
S356 3721753 
235713-3723596 
2358/2-3725438 
2359,3-3727279 
2360,3-3729120 
2361 3-37 39960 
2362/3-3732799 
2363 3-3734637 
23643-3736475| 
23653-3738311 
2366 3-3740147| 
2367 3+3741983; 
23683.3743517| 
2369 33745651 
23703-3747483 


2371 
2372 
2373 
2374 
2375 


343749316 
3+3751147 
2.3752977 
3.3754807 
3.3756636 


2376]3-3758464 
23773-3760292} 
237813.3762118 
237913+3763944, 
2380'3,2765769, 


[Nitm] Legerichws. | 


2381 
2382 
238} 


2338 


2390 
2391 
2392 
2393 
2394 
2395 
2396 
2397 
2398 


2400 


2401 
2402 


2385 


2399 


3+3767594 
3.3769418 
3-37 71240 
33773 062 
343774534 
3-3776704 
3+3778524 
3-3780343 
3-3782161 
3-3783979 


3-37 85796 
3-3787612 
3.37 89427 
343791241 
3-3793955 


3-37 94868 
3.3796680 
3-3793492 
3-3800302 
3.3802112 


3.3803922 
3.3805730 
3-3807538 
3.3809345 
3.3811151 


Num! Logarithm, Num| Logarithn. | | Num[Logarahy 


ithm 


2416 3-3830969 | 2451 3-3893433 | 2436/3:3955011 
24523-3895 205 | 2487, 3, +395675 


2417 3» 3832766 | 
24183.3834563 
2419 3-3836359 | 2454 3+3 898746 


2420/2. 3-3838 154 2455(3:3909515 | 


2453. 


3-3896975 


2421/3. 3-3839948 | 2456/3- 3-3902284 
3-3841741 | 245713-390405 2 


| 
2422 


A425 
2424 
2.425 
2426 
2427 
2428 
2429 
2430 
2431) 
2432 
2433 
2434 
2435 


2476 
2437 
2438 


2439/3-3872118. 


2440 


3-3812956 


343814761 
3.3816565 
3.3818368 
3-3820170 


2441 
2442 
2443 
2444 
2445 


3.3821972 
3+3823773 
3.382 5573 
3+3827373 
3-3829171 


2415 


2446 
we 
2448 
2449, 


2450/3-3891661 


3$-3843534 
3+3845 326 
343847117 
3-3 848908 
3+3850698 
3-3852487 
3-3854275 
33856063 
3.3857850 
J3+3859636 
3.3861421 
3.3863206 
3-3 864990 


3.3866773 
3.3868555 
3.3870337 


3.3873898 


3.3875678| 


2458 
2459 
2460 
2461 
2462 
2453 
2464 


2465 


2.466 
2467 
2468 


2469 


2470 
2471 
2472 
2473 
2474 
2475 


2476 


3-3877457 | 2477 
3+3879235 | 2478 
3,3$881012 | 2479 
3-3882789 2480 


3-3905819 
3+3907585 
33999351 
3-391I116 
3+-39128$80 
3-3914644 
33916407 
3.3918169 


3+3919931 
p-3921691 
3-3923452 
3.3925211 
33936969 


3-39287327 
3-3939485 
53932241 
3-3933997 
3-3935752 


3-3937506 
3+-3939260 
3.3941013 
3. 3942765 


$+3944517 


wp 3+3958504 


2489 3.396 
2490, 2.3961 


— — 
2491/3.39637 
2492, 34396 
24933. 390848 


2494 3-3968 
24953397072 
2496, 3439724 
2497; 3+3 974185 
2498.3. 3975s 
2499 (3+397766; 
2.500, 343975 
2501, (3 39811 | 
25a2/3«3982874) 
2503|3«398460) 
2594.3. 39863 | 
2505|3+3988 
2506/3. 39808 
$50713* 399735; 
2508|343993275 
2509,3.399500 
2510, 343996737 
2511|3-3998467 
25.1213 4000196 
2513 (3-400192 
25143, 4903653 


7:3884565 2481 
3-3886340| 2482 
2.3888114] 2483 


3-3946268 


3-3948018 
3.394977 | 


343951516 | 2519, 


3. eel rs 
[| 2485) 


3.395 3264 | 2520 3. 4014005 


2515/3-90 400538 
2 516;3-40071006 
2517|3-4008832 
2518/3. «qo10557 

3+4012282 


AAA A ——— eee mmm RAP _ 20 .* Ad 


n| Logarithms, 


Num| 


Logarithm. 


$31 ,3.4015728 
$22/3,4017451 
23/3.4019173 
3-4020893 
$.4032614 


kr25 


2556 
2557 
2558 
2559 
2560 


3-4924333 
3.402605 3 
3-4027771 
3.4029488 
3-4031205 


b526 
8527 
$28 


29 
8530 


2561 
2562 
2563 
2564 
2565 


3-4032921 
3-4934637 
3.4936352 
3.403 $066 
3-4939780 
613-4041492 
713-4043 205 
$+4044916 
3.4046627 
3-4048337 
3+-4950047 
$eqOFI755 
3-4053463 
3.405FI71 
3-4056878 
3-4958 584 
2547|3-4060289 
548|3-4061994 
15493» 
F50|[3,4065402 


8531 
by32 
833 
$534 
2 


538 
539 
540 


541 
2542 
2543 
2544 
2545 


546 


, 


2580 


2566 
2567 
2568 
256 

257C 

2571 
2572 
2573 
2574 
2575] 
2576 
2577 
2578 
2579 


2581 
2582 
2583 
2524 
2585 


3-4075608 
3-4977307 
3$+-4979005 
3-4080703 


3.408 2400 


3-4084096 
3-4085791 
3.408 7486 
3.4989180 


3.4990874 


34092567 
34094259 
3-4095950 
3.4997641 


340993 31 


3.41010271 
3.4102710 


3.4104398 
3.4106085 


3.4107771 


34109459 
34111144 
3-4112829 
JoqT IF TS 


3.4116197 
3.4117880 


3-4119562 


3.4121244 
3.4122925 
3-41 24605 


Num|Log rithm. 


2610 3.4166405 


Num| Logariths,) 


2 591134134674 
2592/3-4136350 
2593|3.4138025 
2594|3.4139700 
2595/3-4141374 
2596|3+4143047 
259713-4144719 
2 598[3-4146391 
2599 A4148063 
2600/3. -4149733 
2601 3.41 51-404 
2602|3.4153073 
2603|3.4154742 
2604/3-4156410 
2605[3.4158078 
2606|3-4159744 
2607/|7.4161410 
2608, 3-4163076 
2609 3,4164741 


2611, 3-4x 68069 
2612,3.4169732 
2613 3+ 4171394| 
2614 3-4173056| 
2615 3 3:4174717 
2616, 3-4176377 
2617 3.4178037 
2618 3.4179696 
2619/3 «4181355 
2620/3. 3-4183013 


t551|2-4067105 
2552|3.4068807 
$5 3/3-4970508 
2554/3-4072209 


1555 3.4973909 


2586 


2587 
2588 


2.4126285 
3-4127964 


3,4129642 


2589|13,4131320 


2590/3.4132998 | 2625 2-41901293 


2621 3 «4184670 
2622 3.4186327 
2623 3.418798} 
2624 3-41896 38 


2626)3,4192947 
2627|3-4194601 
2628|3.4196254 
2629|3.4197906 
26393-41995 57] 
2631|3.4201 208 
2632/3-4202859 
2633|3-420450g 
2634\3.4206158 
263 513.4207 806 


2636|3.4209454 
2637/3.4211101 
2638|3.4212748 
2639 3-4214394 
2640[3-42 4216039] 


2641 3.42 17684 
2642/3-4219328 
2643|3-4220972 
2644,3+4222614 
2645|3-4224257 
2646(3-42 4225898 
2647 3+4227539 
264*|3.4229180 
2649|3-423082C 
2650,3-4232459 
2651'3-4234097 
2652/3+-4235735 
2653|3 4237372 
2654/3-423900g 
2655 34240645 
2656/3. 4242281 
2657 3-4243916 
2658/3.4245550 
26593-4247 183 
2660/3, 4248816 


Hhhhz 


Nin, Log arichm. 
3+42592449 
3.4252030 
(34253778 
3.425534? 
7-$256972 
3-425 8601 
3-4260230 
12663 .q4:61g58 
2669 3.426 3486 
2679, 3.425 SFr} 
2671); 42 256739 
2672 3. 4258365 
2673 3.4269990 
25743. 42 Abd + 
[2675 3-4273238 23 

ROS SEnT 
2577 3-4276454 
2678 3.427831065 
2579 3-4279727 
25803.4231348 
2681 3.4282968 
26J2 3.4284588 
2683 3, 4285207 
2604 3,4287825 
2685|3.4289442 
Faiz 
34292677 
3+4294293 
513.4295 998 
2591[3,4299137 
599 (4309751 


. 


(2695:[3.4392364 


34303976 | 
29 3:4395538 


[2695 


273 


Num! Lz 1garithm, | 


2596 3-43097199 
2697 3-439830g 
2698 3,43 10419 
2699 34312029 
2700 J» 4313638! 


"WW" CR —_—_— _— — On —— I — 


2701:3-43152 245 | 
2702:3,4316853| 
2703|3-4318460 
270434320066 
2705|3-4321673 
2706|3-4323278 
2707|3+4324883 
2708|3-4326487 
27091344) 28090 
2710|3-4329693 | 
271113,4331295 
2712[}.4332897 
2713[?.4324498 
2714|3.4336098 
2715 1.43 37698 
271612,4339298 
271713.4340896 
271013,4342494 
271913.4344092 
2720|3.4745689 


2721 1.4347285 
2722[3.434883r 
2722[3.4350476 
2724[7,4352071 
272<12-435266s5 | 
2720[7.4355258] 
2727] 3-4356851 
272$[2.4358444 
2726|3.4360035 

1.426126 


mm, Num' | Logarithm, Num! Log atithns. : 
—— 
2731 3-4363217 2766(3.441852; 
2732 34364807 2767, 3-4420091 
2733+ «4366396 2768 3. $442166z 
273434367985 2769 3.442329 


2735/3:4369573 


2779 


2736| 3+ 4371161 | 
| 223713 4372748 , , 2772 
2738|3-4374334 | 3773 


2739]3-4375920 | 2774 
3-4377506 


2740 
2741 
2742 
2743 
2744 
2745 
2746 
2747 
2748 
2749 
2750 
2751 
2752 
2753 
2754 
2755 


— ————— 


2756 
2757 
2758] 
27593 


2760(3 4409091 


2761 
276? 
2762 
2764 


3+-4379090 ' 
3-43 80674 
3-4382258 
3.4383841 


3-4385423 
3-4387005 | 
344383587 
3.4390167 
34391747 
34393327 


7.4401216 


| 


1 2765/3.4416951 


3-4394906 
4.43954 34 
34393062 
3$-4399639 


3-4492792 
3-44243658 
3.4495943 

4497517 


3+4410664 
34412237 


1.4413809 
1.4415380| 


2771 


[2773 


1:4424798 
3. 3:442626; 
34427932 
3.443294 
34431065 
3.443 2630 


2776 


2777 


2778, 
2779 
2780 
2781 
2782 
2783 
2734 
2785 
2735 
2787 
2788 


2789 


2790) 


2791 


279212» 
2793 


21794 
2795 


———_ 


2796 
2797 
2798 
2799 


" 2800 


3-4434195 
3-4435759 
3-4437322 
3-4438885 
3+4440448 
3- wer 
3-444357 
34445132 
34446692 
444201 
3-4449811 
34451370 
3-4453928 
3-4454485 
3-445759* 


244700291 
2-4471580 


3-4473131 
$0213.4474681 
1803/3.4476231 
804 3-4477780 
1805] 3-4479329- 
1805 3-4480877 | 2 
$07/3-4482424 
2808/3.4483971 
809/3.4485517 
$10/3.4487063 
$11/3-4488608 
$12/3-4490153 
$13/3.4491697 
$143.449324! 
v1 5/3-4494784 
$16}3.44963 26 
$1713.4497868 
28183.4499410 
281913.4500951 
$20/3.4502491 
2$21|3.4504031 
2822/1-4505570 
1813/3-4507109 
1824/3.4508647 
182513.4510184 
21826(13-4511721 
1827]3-4513258 
1828]3-4514794 
18$2913.4516329 
283 013.4517 864 
2831124519399 
2$32|3.45 20932 
2$33[3-4522466 
2834/3-4523998 
82 5'3,4525531 


2801 


2836 3-4527063 
2837 ,3-4528593 
2838/3.4530124 


[3-4542349 


913-4546924 


34549972 


413-4554540 


3-4559102 
3-4560622 
3-4562142 
3-456 3660 


3-45 31654 
2 840|3.453 3183 


3-45 34712 
3-45 36241 
3-45 37769 
3$.4539296 
3.4540823 


3$+4543875 
3-4545400 


3:4545449 


$+-4551495 
?,4553018 


3. 3.45 56061 


0 Num| Logarithm.  Num|Logarithm. 


Num! Logarithm,) 


2876; 


2877 
2878 


2879 
2880 


2831 
2882 


2883, 


2884 


288 5/3.46 «4601458 


2871 3-4580332 
2872 3.4581 844 
2873 3.4583356 
2874.3-4584868 
2875/3-4586378 
3+45387889 
3.45 89399 
3-45 90908 
3-4592417 
3-4593925 


3-4595433 


3.4596940 
3-4598446 | 


3$+4599953 


2886|3-4602963 
wy 144604468 


2888 
288g 
2890 


3-4557582 


2894 


2891 
2892 
2893 


2895 


34565179 
34566696 
3.4568213 
3-4569730 
3+4571246 


3$-4574276 

3.4575791 | 
286913.4577305 | 
2870|3-4578819 | 2905|2-4631461 


3-4572762 


2896 


2897. 
2898 


2899 
2900] 


—_— —_— 


2901 
2903 


2903 
2904 


3-4505972 
3e4607475 
3.4608g78 


3.4610481 


3.4611983 
3-4613484 | 
3-461 4985 
3-4616486 
3-4617986 
3.4519485 
3.4620984 
3-4622482 
3. 34623980 


3:4635477 
3.4626974 
3.4628470 
3-4629966 


2920/3 


2925 3.4661259 


| 2929/7-4667194 


29061[3.4632956 
2907(3-4634450 
2908[3.463 594 

290913-4637437 
2910[7,4638930 
291113-4640422 
2912 34641914 
2913/3-4643405 
2914 3.4544895} 
2915,3-4©46 386 446385 
2916, 3.4647875 
2917/3. 4649364 
29183.4650853 
2919/3.4552341 
3-4653828 
2921134655316 
29 22/3-4656803 
2923|13-4658288 
2924|3+4659775 


2926|13+-4662743 
2927134664227 
2928|3.4065711 


29303 «4668676 


2937} 34650158! 
29327 3-4672640| 
2933/3-46737 20 
29343-467460? 
2935 3.4676081 


2936/3- 3-467756 
2937|3-467903 
29383-468051* 
2939 3.4681996 
2940/3 4683473 


Hhhhyz 


Num] Logerithw. | 
[2941 
[2942 
2943 
2944 


3.4686427 
3-4687993 
3.4689378 
2945] 3:4599853 
2946} 3-4592327 
29471 3-4693301 
2948 3.4995275 


34684959 | 


© Nam! Cogarichm, Num| Logorichms. | 


2976 3-4736329 30113.4787108 


2949 3:4596748 
295 03.4998 220 
2951 34599692 
2952 3-4701163 
2953 3-47920 34 
2954 3-479419) 
2955 3-47255373 
2956 3+4797044 
2957 3-4708513 
2958 3-4799982 
2959 3:4711450 
2960 34712917 
2961 3.4714384 
2962 3.4715853 
2963|3-4717317 
2964 3.471782 
2965 3:4729247 
2966 39721771 


3-4724539 
3.47 26102 
3-4727564 
3.4729927 
1297213-4739483 
(12973| 34731949 
2974(3+4733412 


296 
2969 
© 
29.12 
2971 


| 


2967134723175 | 


2987 
2988 
2989 
2990 
2991 
2992 
2993 
2994 
2995 
2996 
2997 


| — 


3001 


2983|3+47465 
2984 3+47479 


2998 
12999 
3000 


JoO2 
300J 
3004 
3005 
3006 
3007 
3008 
3009 
2975 3-4734879 ) 3010/3+47 


3+4756712 
3.4758164 
3-47 59616 
3.4761067 
3.4762518 
3.4763968 


3-4775553 
3.4776999 
3-4778445 
3-4779890 
3-4781334 
3-47 $2778 
3-4784222 
$5665 


| 


3.476548 | 
3.4765867 | 3032 
3.4768316 | 3033 
3.4769765 | 3934 
3.477 1212 | 3035 
3.4772660 | 
3-4774107 


ZQ25 
J026 


3027 
3028 
3029 
3030 
3031 


3036 


2977.3-4737788 3012 3-4788550 
2978 3.47 39247 3013 /3-4789991 
2979 3-4749705 3914 3+4791432 
2980 3.4742163 301513:4792873 
298 113.4743620 301613-4794313 
2982/3.4745076 | 3917134795753 
33 Ns pdt er 
$3, 3019134798031 
2985 3:4749443 3920/3-4800069 
2986|3-47508g? 7021|3-4801507 
3+4752352 , 3922 
3-4753806 | 3023 
3-4755259 ; 3924 


3-4802945 
3-4804381 
3.4805818 
3-4307254 


3037 


3038 
3039 
3040 
3041 
3042 
3043 
3044 


2045 


3-4808689 
3-4810124 
3.4811559 
3-4812993 
3.4814426 


| — 


3-4815859 


3.4817292 
3-4818724 


3-4820156 


3.4821587 
3.4823018 
3-4824448 


3.4825878] 
3.4327 307 | 3974 
3+4828736 | 3075 


— —— 


3-4830164 | 3076 
3.4831592 | 3077 
3.4833019 | 30783» 
3-4834446 | 397913» 
3.4835873 | 3080/3. 


——_— ww 


3069 
3061/ 
3062) 
3063 
3964; 
3965 


3058, 
3059, 3-485 5795 
ens 
3-4858633} 
3+486005 1] 
3.4861470 


3056|3-485 1533 
30.57|3+4852954 


34854375 


3.486288 
3+486430 


3066 
3067 
3068 
3069 
3070! 


3973 


3-486 5721 
3+486713 
3-436855 
3.486996 


240005 
307 1 3:47 3798 
3972) 


2+4 87431 
3-487562 


AS Sas i. FTicsS i.s io iS ys + wes 


— 


> > kan SS SAS SS Grice Tas 


13099/3-49722 16 
$10012.4913617| 313513-4962375 3170 3.5010592 | 3295 2.5058280 
12111|4-4915018 3136|3-4963761| 317! 3.5011962 3206/3-5959635] 
3112 4916418 | 3137 3-4965145 | 3172 3.5013332 3207\3-5©60990 


z085|3-4892552 


1086134893959 
$08713-4895 366 | 
3088|3.4896773 


1093|3.4993799 
32094(3.4905 203 
32095|3-4906607 


Num} Lagarithw. 
3116,3«4935974 31513-4984454 31863.5032456 
3117 3+-4937368 3152 
3118|3.4938761 | 3153 
3119|3-4949154 | 3354 
3120(3-4941 549 | 32551200 Ls 
3121/3+4942935 315613.4991370| 379! 3-$039268, 


z089|3.4898179 3124|3-4947110 | 3 5 
20903-48995 55 | 3125 3.4948500 , 
3091|3-4900990O | 3120 3.4949890 3161|3.4999245 3196,3.594606 
3092134992395 | 3127 304951279 | 3162) 


2096|3.4908009 
309734999412 
2098[3-4910814 


z113 3-4917818 
$11413.4919217 


3109\3.4926207 
3110 2.4927604 


: 
: 


3112|3-4939396 
$11313+493179! 
$114|3-4933186 


3115 3.4934580 


| 


jr1$/3.4920616 | 314034969296 | 1175 33740 32103-$065090) 
3$106|3-4922014 | 314) 3.4970679 3176, 3-501 8805 33113+5©66403 
310713+4923413 | 314? 3-497 2062 3177 3+5020172 3212,?+5067755} 
11083.4924810 | 3143|3-4973444 | 3175 345021539 | 3313|3-5969107 


| 


| [5113/7-4929000 | 3146134977587 7181 305025637 | 32163-5073160 


| 


Num |Log arithm- Num] Logarihm. 


— 


3+4985 $62 | 3187 3- 5033921 
3,4987240 31$8|3-5035183 
2.4988617 | 3189]3-5036545, 
3-4989994 | 379 3. 5037907 


| —_ 


3122|3-49443 29 3157|3.4992746 3192|3-5040629 
$123/3.4945720 | 3158/3-4994727 [3795 .g041989 
159\3-4995496 3194 3-5943349 
160/3-4996871 3195 3.5044709 


— 


3-4999619 3197 3-5047426 
3128 3.495 2667 31633. 5 000992 3198 3-5048785 
3129 3.4954956 3164|3-5002365 3199/3.5050142 
313034955443 3165,3-5023737 3200,3:505 1502 
3131(3.4956831 | 31663-5005 109 320113-5052857 
3132 3.4958218 3167|3-5006481 3202(3-5054213 
3132|2.4959604 3168 /3-5007852 3203|3-5055569 
q134|3-4960990 3169 365009222 | 3204 3-5056925 


313t 3-4966529 | 3173 3+5014701 | 320Y3-5062344 
313913-4967913 3174 3-501606g | 329 3-5063697 


3144(3-4974$25 | 3179 3+592299) 32143-5097 0459 
3145 344976206 2180 3.5024271 3215/3.5071510 


31473497 $967 3182 3.5027cOl 3217,3-5974511 
3148 3.490347 3183 3,5028366 321813.5075860 
1149/3.4981727 ' 3184 3+592973 32193-5977 210 
3150 3-4983106 | 2185 2+-5031094 32203.507 8559 


Hhhhyx 


[Num | Logarithm. 
$AZH ge +5079907 
322213. 5081255 
322 3]3-5082603 
3224|3.5983950 
3225 3-5085297 
3226|3-5086644 
3227|3-5937990 
32283.5089335 
3229 3+ .5050630 
bt dn 20-4 5092025 


3231 3.593370 
3232 3-5994713 


13233 3-5295957 
3234 3.599749 
3235 3-5993743 
[3235 3- T:51o0085 
3237, 3- 5 TOLGE7 
3238 3- 5102768 
3239 3+ 5104109 
3249 3- Fr05450 
J241,3.5106790 
3242/3, 5108130 
3243| 3-5 109469 
3244 3.5 110808 
3245/3.5112147 
3-5113485 
35114523. 
3.5116160' 


324 
3249/3.5117497 


J.5120170 
3-5 121505 
3.5122841 
3+5124175 


$253 
325 


Num| Logarithn, Num| Logarichm, 


3257 
3258 
3259 
3260 


3266 
3267 
3268 


3269| 


3270 
3271 
3272 
3273 


3275 


3276, 


3277 


3279 
2280 


[3-5118834 


"3255 3-5125510| 


3290 


3256 3-5126344 3291 


3-5132176 3395 
'3264|3.5133508 
3262;3.51 34840 | 3297] 
3 26q|3.5-136171 | 3298 
3264/3 
3263! 


3274 


3-5128178 3292 
3.5 1295Il 3293 
3-5130844 | 3294 


Nu arithm,. 
3326 3+5219222 
3327, 3+523052 
3328, 3+ +5$221833 
3329 3.522314) 
3-$178554 3330 3-5224442 
At A ant Anke. > >. 
3-5179872 , 3331/3.5325746 


3.5173279 
3-5174598 
3-5175917 
J+5177236 , 


3299 
3300 
3301 
3302 
3303 


Fr3750r | 
3-51 38872 
(3-5140162 | 
3-5141491 
3-5-142 820: 
35144149 
7-5145478 
3}.5146805 
35148133 
3.5 149460 
34.5150787 


3305 
3306 


3307 
3308 


3304 


3-3181189. | 33 32 3-5227050 
3-51$2506., 3333,?.5228353 


35183823 ; 3334 3-5229656 
3, 5185139: 3385(3.523095 


| ——_ ___—c_—_——= — —— | — — — 


3-5186455 3336;3-5232260 
3-5187771, 3337 3+5233562 
3-5189086 ; 333$/3.523436z 
3.5 190400 | 3339 3+533616g 
3.5 191715 | 3340 3» 3+5 237465 


3399 


3-5 193028 3341 3-5238765 
Ze5 194342 | 33423-52400 
3.5 195655. 3343 $495 
3. 5196968" 3744'3.5 24266} 


J-5152112| 3310 


3.5153439; 2314) 
3.5 154764 | 13312 
3.5 156089 | 3373 
3.5157414| 3314 
(3.5158738 3315) 
{3:5 160062 
3-5161386 
3.5162709 


33r8 


3-51653541 3329 


3.5198280 3345 /3-5243961 
3-5199592 | 3345 34324525 
3.5 200907 | 3347, 3+524655 
3-5 303318 | 3 348|3-524785 


3316 
3317,3-5207455 | 3352| 7525304 


3,5164031 3319 


3-52OZF25 | 3349, 3-5 249151 
3-5204825 3350.3: +5 25044] 


3, $206145 | 3351, 3:5251744 


3.5208764 | 3353 Js — 
3-5210073 | 3354. 3-5255631 
3.F211382 3355, 3.5 256925 


3.5166676| 3321 
3-5167997 

3.5169318 
3.5170639 
3-5171959 


3323 
3324 
2325 


3322, 


3+ cara6hg | 23563+ 35238219 
35213995 | 3357,3-5259513 
3.5215303. 3358 3. 5260806 
3.5216610 335913. 5262100 
3.5217916 3360'3-5263297 


[Num] L 
13361, 
13362 
13363 
3364 
(3965 
3366 
3367 
(236 
3369, 
13379 
13371 
3372 
3373 
$774 
375 
3376 
3377 
33738 
3379, 


2366 | 
my 
338 


>. A_u EC — ee EDD. RE. WY WE wr 


Log arit bns. 
3.5264685 
3,5265977 
3.5267269 
2+5268560 
3.5269851 
3-5271141 
3+5272431 
3.527372! 
7,537FOLO 
3-5276299 
3+-5277558 
3.5278876 
J.5280163 
75281451 
3-5282738 
25284024 
3.5285311; 
2.5286596 
3-5287882 
2.5 289167 4 
113+5 290452} 
2\3-5291736 


33832, 5293020 
2384 2.5294303 
3385 3.5295587 
3386 3, 5296859 
3387, 3-5298152 
$338 3,5299434 


3390 3.53 o1997 


3391 3+ 5303278 
3392/3.5304558 


#28 .5200716 


3394 3-5307118 


Fea, 5305539 


13395'3.5308398. 


Num|ogerithm., | 


3396|3-5 399677 
3397/3. 5310955 
3398/3, 5312234 
3399 3-5313512 
3400|3-5314789 
3491|3,53 16066 
349213,5317343 
34933.5318619 
349413.53 19895 
349517,5321171 


Num| Log aruhm, | Num, Logarithm | 


3431 
3432 
3433 
3434 
3435 
3436 
34373 
3438) 


3439, 


3440 


3496[3.5322446 
3497[3+5323721 
3408/3.53 24996 
340912,5326270 
*41013.5327 544 


7411]3.53288 17 
3412|3.5330090 
3413/3.5331363 
1414/3. $332635 
3415/3-5333907 
3416/3.4335179 
3417 3.533450 
3418[3.5337721 
2419 3.5338991 
3420,3.5240261 


3441 
3442 
3443 


3444|3-5370631 


3445 


3-5 354207 | 3466 


35355473 | 
3+5 356738 
245358003 
345359267 
3.5360532 

*5361795 
3.5363059 
+5364322 
25365584 | 
3.5366847 
2+5368109 
3-5369370 


3.5371892 


3446 
3447 
3448 
3449 
3450 


345! 
345? 


145373153 
3+5374413 / 
3+5375672 
3.5376932 
$.5378191; 
{+5 379450 
2.5380708 


3453j?.53 81966 
3454}3+ 5393223 


2455 


3421/3,5341531 
3422,7,5342800 
742 33.53 44069 
3$424/3.5345338 
3425 3.53 45606 
3426; 3 
3477|3.5349141 
3428/3.5350408 | 


3429, 3. 5351675 | 3464; 
3430 2.5352941 | 3465 345397032 


2.53384481 


3467 


3-539828 6] 
3-5399538 


5813. 5400791 


3-540204 3 
3+5493295 


3476, 
3477 
347* 
3479 
3480 


3481 
3482 
348? 
7484; 


34851|%. 


1-5 404546 


213+5405 797, 
|4+5497048$] 


3-5408298| 
35499548 
3-5410798 
3+5412047) 
3$+5413 2906 
$+5414544 
5415792 
2,.5417C40 
3-5418288 
$+5419525 
3-5420781| 


3486 
347 
3488 
2489 


3490/2. 


$-5423274 
3+-5424519 
3-5425765 
3+-542701C 
2, 5428254 


:5247874 | 3461|z-5 
| 3462 


3456|3-5385737 
345713» 
3458j3- 
345913* 
746013. 


3+5 393271 
3.5394525 
3-5395779 


3463 


| 


3491|3+5429498 
3492 3+ 5430742 
3493/5431 586 
3494'3-5433226 
34952-14347? 
$496/3.5435714 
349713+-54 30956 
3498 3-5438198 
3499 3+54394 3$ 
3 5203-5442630) 


Num|Logarithm. 


3501 
13502 
4503 
3504 
3505 
3506 
3507 
3508 
3509 
3510 


351113-54 
3512 
3513 
3514 
3515 
3516 
3517 
3518 
3519 
3520 
3521 
3522 
3523 
3524 
3525 
3526 
3527 
3528 


3529|2» 
3530 


3-5441921 
3.544316 
3. 5444401 


35446880 | 


3536 
1353713 
[3538 
3-5445641 | 3539 


Num |Logarithm. | Num! Logarithw. 
3+ 5485123 | 35713. *5527 898 


3540 


3.5448119 
3.3449358 
3-5450596 
3+5451834 
3-5453071 
3-5454308 
3.5455545 
3-5456781 
3-5458017 
3-5459253 
3.5450489 


3-5461724 
3-5462958 
3.5464193 
3.5465427 
3. 5466660 
3- 5467894 
3-5469126 
3-53470359 
3.5471591 
Jo5472823 
3-5474955 
3-5475286 
5476517 
35477748 


3531 
3532 
3533 
3534 
13535 


3+5478977 
3+5480207 
3-5481436 
3-5482665 


Q———— 


3.5483894 


3541 
3542 
3543 
3544 
3545 


3546 
3547 
3548 
3549 
3550 


3551 
3552 
3553; 
3554 


3555] 


3556 
3557 
3558 


3559 
3560 


3-5486351 
3+5 
3+5488806 


3.5490033 
3-5491259 
3-5492486 


[3572 


3574 


3575/3+55 5532760 


3576 
3577 


4s 5529114 


3-5531545 


3 5533975 
3.5535189 


3+5493712\3578/3-5536403 


3+5494937 


3-5496162 


3$-5497387 
3.5498612 
3.5499836 
3-5 501060 
3-5502283 


35503507 
3.5 504730 
3+5 505952 
$-5507174 
3-5508396 


3579 
3580 


3581 
3582 
3583 
3584 
3585 
3586, 
3587 
3588 
3589 
3599 


3+5537617 


35538830 


3-5 540043 
3.5 541256 
3-5542468 
3.5 543680 
3-5 544892 
3+-5546103 
3+5 547314 
3.5548524 
3+5 549735 
3.5 550944 


J-5509618| 35913-55521 54 
J.5510839| 3592(3+-5553363 


3.551059 
3-5513280 
3.5514500 


3561 
3562 
3563 
3564 
3565 


3566 


3567 
3568, 


3570 


3.5515720 


3-5516939 
J-5518158 
35519377 
3+5 520595 


3.5521813 


3.5523031 3602, 
3.5 524248 | 3603 
3569|3+-5525465 | 3604 
3.5526682 | 3605 


3593] 
3594 
3595| 


3596 
3597 
3598 
3599 
3600 


3601 


3+55 54572 
3+5555781 
3»5 556989 


[3-5558197 
3.5 559404 
3.5560612 
3.556181$ 


3:5563025 


3.5564231 


3+-5565437 


3.5566643 


3-5567848 


3-556905 3 


Num Logan . 
$606 END 
3007.3: *5$71461 
3 608g: *5 572665 
36 5093s +557 3869 
3610 3, 3+5575072 


3» 5576275|* 
3+5577477 
3.5578680 


3+5 579881 
3. 3.5581083 
3» 3-5582284 
35583485 
3.55846 
3+55858 
3+5 587086 


3611 
3612 
3613 
3614 
3615 
3616 
3617 
3618 
3619 
3620 
3621 
3622 
3623 
3624 


3627 


3628|}, 
362913, 
3630/3, 


3631/|3- 


3632 
3633 
3634 
363513» 
3636 
3637 
3638 
3639 


3-5589 


3+559068z{ 
3+559188; 
362513. 


3626| 


3-5606339| 
3+5607433 
3.5608627 
3-560982 


3640 


3+561101 


Nom| Logarithms. | Num| Logarichm, 


3643, 3, 5614592 
$6443-5515784 
$645/3-5515975 
7645 3-5618167 
$647] 3-5619358 
164813.,5620548 
(364 3.5621739 
$6501 3-5622929 


3.5631250 
3.5632437 
3-5633624 
3-5634811 
35635997 
3:5637183 
3.5638369 
3.5639555 
3665 3.5649740 
TIE? 3-5641925 

3667, 3-5643109 
$658 3.5644293 
3669 3.5645477 
3670 3.554 5646661 


3671 3- 35647844 
36723. 5649027 
$673.3.5650209 
1674 35651392 


13675 3s 5652573 371 10 1355693739 | 3745 


—  —— 
. 


$641] 3.5612207 | 3676 3.5653755 
$64213.5613399 | 3677 3-5654936 


3678/3-5656117 
3679,3-5657298 
2680 3680 3-5658478 
3681/3, 5659658 
3682] [3.5660838 
3683/3. 5662017 
3684 3. 5662196 
3685[3-5654375 
3686[3.5665553 
3687135656731 
3688 3-5667909 
3689{3.5669087 
3690(3.5670264 
369113.5671440 


3692 
3693 


3694 


3.5672617 
3-5673793 
3-5674969 


3729 


3695|3-5676144 
3696/3. 5677320 
3697 3. 5678494 
3698 3, 5679669 
3699/3, 5680843 
3700, 3,5682017 


3701 3,.5683192 
3702/3.5684364 
3703 3.5685537 
3704 3.5686710 
3795 3. 5687882 
37063. <5 589054 
3707|3.56902 267 


Num] Logaritbm, Num\| Logarichin] 
371113.5694910 | 3746 


3712 
3713 
371413 
3715 
3716 


3717 
3718 


{.5696080 
3-5697249 | 

3-5698419 | 
3. 5699588 | 


35700757 | 2731 


Zo 5701926 | 


3747 
3748 
| 3749 
3750 


2751 
3752 


3+5735678| 
3.5736837 
3+.5737996 
3-5739154 
3+5740313 


3+5 741471 
3+5742628$| 


3-5793094 | 3753/3: 5743786] 
$7 19/3-5704363 | 39 5413+5744943' 
$730{3.5705429 | 3755 


3- 5746099 


3721/345705597 | 3756 


3722 
3723 
3724 
3725| 
3726 
3727 
3728 


3730 


3-5707764 
3-5708930 
3.5710097 
3.5711263 


| ———— — — _ 


3+5712428 
3+5713594 
3+5714759 
3.5715924 
2.5717087 


3731 
I732 
3733 
3734 
3735 


——___O@ 


3736 
3737 
3738 
3739 
3749 


3-5718252 
3.5719416 
3.5720580 
365721743 
2.5722906 


3757 


3+5747256! 
345748412: 


375913+5750723 


375043-5751878) 


| 3761 


3762 
3763 
3764 
3765 
3766 
37%7 
37658 
3769 
3770 


3.5724069 
3+5725231 
3-5726393 
3+5727555 
3.5728716 


3771 


3+5753033 
3-5754188 
3+5755 342 
3-5756496 
3+5757650 
3-57 58803 
Jo *5759956| 
3-5761109) 
3+5762261} 
3-5763413 


3-5764565 


3772|3-5765717 
377 3|3-5766868 
3774 3. 5768019 
377$/3:57 5759169 


3741 
3742 


3-5729877 


3708 3.5691397 | 3743|3+ 55732198 


3709 3- 5692568 | 


3744 


3.5733358 


3779, 3+5773769 


3-5734518 
hr m9 


3776/3. «5779321 
$777 /3+577147© 
3778 3+577262C 


3780 3.5774917 


F 


3785 
3786 
3787 
3788 
3789 
3790 


13791 
3792 
3793 
3794 
3795 


3796 
3797 
[3798 
3799 
2800 
3801 
3802 
3803 
3804 
3805 
2806 
3807 
|2808 
380g 
3810 
3811 
3812 
(3813 
3814 
[3815 


3.5782953 


3-5786392 


3.5788683 


35790973 


3.5793262 
3$+57 94406 
3$+5795550 
3.5796693 
3-5797836 
3-5798979 
3.5800121 
3-5 Fol263 
3-5802405 
3.5 803547 
Io5 80468 8 
3.5805829 
2-5 806969 
2.5808110 
3.5809250 
3.5810389 
2-5$11529 
3-5 $1266$ 
3-5813 807 
3. LEI 


3-5792118 


3.5780659 | 
3.5781806 


3+-5784100 
3+5785246 


3-5787538 
3-5789828 


| 


3826 
3827 


3830 
3831 
3832 
3833 


3» :5827450 
3-5828585 | 


3+5831988 


J+ 3-5833122 
3.5834255 
3.5835388 
3+5836521 
3+-5837654 


3+-5838786 | 2871/3-5878232 
3.5839918 3872 3.5879353 
3-5841050| 3873/3.5880475 


3-5842181 
3.5843312 


'Num \Logarithm, Num |Logarithm, Num|Logarithm. 


378143. 5776067 38163, 5816084 | 3851 
3782/3.5777215 |3817/3-5817222 | 3852/3 
1783/3+5778363 | 3818/3.5818359 [3853 
3784'3-5779511 | 3819/3-5819497 3854 
38203. 5820634. 385 513+ 5860244 
382113. 5821770 3856 3- 5861370 
382213+ «5822907 | 3 857 3. 5852496 
}8$2313+ 5824043, 3858 3. 5863622 
3824/3. 5825179 | 3859/3-5864748 
3825/3+ 5826314 3860,3.5865873 
3861 3-5866998 
3862|3,586812} 
3828|3.5829719| 3863/3-5869247 
3829]3-5830854| 3864'3.5870371 
3865|3-5871495 
3866, 3+ 5572618 
3867 3.587 3742 
3868 3.5874865 
3869,3.5875987 
3870 3. {ated 


- -— —o— 


3874 
3 875 


3847 
3848 


35844443 | 3876/3: 3-53883838 
3-5845574| 3877,3.5884958 
35846704 | 3878.3.5 886078 
3-5847834 | 3879 3.5 887198 | 3 
3eFBg8903 | 3286 
3.5850093 | 
3. -$51223. 
3.5 852351 
3849] 3-535 3479 
3850[|3.5854607 | 


3880 


388r 
3882 
3883 
3884 
3885 


3+5855735 

+5 856863 
3-5857990 
3. 5859117 


Num] Logaritias, 
3886, 2. 
388713. 
3888|2. 
3 88913, 
3890 F 
a 
3891/3, 


3892 


389313. 


3894 


3895|3. 
3896 . 


3897 


389813, 


3899 
3900 


3-5881596 


3-5882717 
391 


———— — 


3-5888317 


3. 3.58389436 
3-5890555 
3.5891674 
3-5892792 


'3-5 893910 


3912 
3913/3-5925098 

3914 3.592620 
391 5/3+59 5927318 
3916 3.5938427 
3917,3+5929536 
3918 3.5930644 
eds (> 
3920 J+5932861 


390T|3 
39021{3. 
399313 
3904 
3905 
2906 
3907 
3908; 3.. 


3 


-5 92287 
3. 


5923988 


Coo 


w— ——— 4s 


<\4S wad 


cow 


——— 


SS 3 + Le wS wo ws ic. ici.c 


W_ 


Ac 


th. 


DA 
"4 MS: IIS: 3 | 9S.: 4: A. AS: 43 | OS. 4: RS we we | 


—— — ——  .. . 4 


[943 


Num [Lo garithm.. 


4921 
$922 
3923 
1924 
3925 
3926 
13927 
3928 
3929 
3930 
135931 
3932 
{1933 
$934 
i935 
3936 
$937 
3938 
1939 


3941 
394? 
13943 
1944 


3-5933968 
$.5935076 


[3.5936183 


3$+5937290 


3-5938397 


3.5939503 
3.5 940609 
3-5941715 
3.5942$20 
3-5943925 
3. 5945030 
3.5940135 


3+5947239 


3-5948344 
3-5 949447 
J*eFDFOFFI 
3-5951654 
3-5952757. 
3.5953860}; 


95954902 | 
3.5956064 | 


$:5957166 
3+-59538268 


3+-5959369 


| ; Num 1m |Lagarithm. 


3956 
| 3957 
3958 
3959 


39603, 


3961 
3962 
3963 
3964 
3965 
3966 
3967 
3968 
3969 
3970 
3971 
3972 
| 3973 
3974 
397513 


3+5972563 


3-5973048 
35979145 
35980241 
35931336 
35982423 | 


3-5983527 | 


3.59$4622 | 


3.5985717 


3-5986811 
35987995 
3-5988999 
3.599 0092 
3.5991186 
3+5992279 


«+5993571 


3976 
5977 


3975, 


3979 


3-5 994464 | 4011/3 
3-5995556 | 4012|3.6033609 | 4947|3.6071332 
3.5996648 | 4013|3+6024692 | 4048, 3; 6072405], 


3-3997739| 


3945 
3945 


31950470 
Peyg6r571 
394717.5962671 
3945/3, 3963771 
1949, 2.5964571 
$9593: 5965971 
3951/3. 5957070 
3952.3 +596816y 
3953 3+ 596926g 
3954 3: 5979367 


3955 3.5971465! 


3980|3.599883 1 


398113.599 5999922 
3982|3-6£001013 
39$3|3.6002103 
3984/3.6003193 
3985/?.60042 33 


—_— 


3986 3.60053 73 
3987 1,6006463 | 
3988 2,6007551 | 
3989] 3.600 8640 | 


399913.6009729 | 


Num | Logarithrs, | 


3991 3-6910917 
3992 3,6011905 
3993,3-6012993 
3994 3.6014080 
3995 3+6015168 


————— — _— ——— — 


3996 3.6016255 
3997 3.6017 341 


| 3998 3.6018428 


3999 3-£0195 14 
þ amy 3,5020600 


} er — 
_ — 


4001 |23,6021685 
| 4002 3,6022771 
4003 3-6023 856 
4004 3.6024941 
4005 Z-£02602 5 
4006 3-6027 109 109 
4007 3.6028193 
4008 .3.6029277 | 
4009 31603036T | 


| 4010 3. 6031444 | 


6032527, 


4914}3-6035774 
4O1513-01 6036855 


3-6037937 
4017/3.6039018 
4C18;2,604C099 
4919/3 ,cO41180 
40207; 6042261 


_ — 


[A00Y 7.043341 
4022/3» 6044421 | 
402213,60455EC0 ; 


| 4924} 6045520 
402 512-6047659 


| 4059/3.607455c 
| 495 1|3.607562 2 


Num|Loga rubm 
4926 3.6048738 
4927 346049816 
4928 3, 6050895 
4029 3,fCO51973 
49230 3.6053050 
4231|3.6054128 
4932/3,6055205 
4033 3,6056282 
4034 3-6057359 
4235/3.6058435 
4936/3. 6059512 
40937 3.c06058p| 


1 


4038 2,6061663 
4039/2, -6062738, 
4240/3, 6063814 
4941/3, 6064888] 
4042,3.6065963' 
404313-£067037 
| 4944 3. CO68111 
4945 3 .6069185 
4046 3,6070259 


4049 3.607 347 £ 


4Cc5 2/3-6076694 
405 3/3+607 7766 
4954.3.6078837 
405 5,3+6079505 
4056, 2,5080979 
4957, 3.6082050 
405 613.6053 120 
405947 »-6o8gige 


4O60}2.60Teg6ec! 


| 


14068 


Num! Logarithm. 


4061 
4062, 
4963 
4964 
4965 
4066 
4067 


4069 
4070 
4071 
4072 
4073 
4074 
4275 
4076 
4277 
4078 
4079 
4080 
4081 
4082] 
4083 
4084 
4085 
4086 
4087 
4088 
4089 


> —_—— 


3,.6086330 
3.6087399 
3,6088468 
3.60895 37 
3.6090605 
3.6091674 
3-6092742 
3.6093 809 
3.6094877 
3-6095 944 
Je6OgJOLT 
3,6098078 
3.6099144 
3.6100210 
3-5101276 
36102342 
3.6103407 
3.6104472 
3-6105537 
3.6106602 
3-6107666 
3-6108730 
3.6109794 
3.6I110857 
3.6111921 


3-6112984 
3-6114046 
3.6115109 
3.6116171 


4090, 


3.6117233 


4091! 
4092 


3-6118295 


[3.6119356 


4093/3.6120417 


4994 
4095 


[3.6121478 
3-6122539 


Num| Logayithmw, Num; Logarithm. 


4996\3.6123599 | 4131;3,6160553 

4997|3.6124660 | 4132|3,6161603 

40983.6125720 4133|3-6162654 
4099|3.6126779 | 4134\3.6163705 

4100 3-6127839 | 4135]3-6164755 
410113,6128898 | 4136|3.6165805 

4102/3.6129957 | 4137|3-616685 5 

4103(3.6131015 | 4138]3.6167905 
4104|3.6132073 | 413913-6168954 | 4174|3-6205524 
410513.6133132 | 4140 3.6170003 4175|3-6206565 
4106|3-6134189 | 4141 3.6171052 | 4176 3-6207605 
4107|3-6135247 | 4142|3-6172101 | 4177|3.6208645 
4108|3.6136304 | 4143|3-6173149 | 4178|3-62096 
4109/3:6137361 | 4144|3-6174197 | 4179 
4110/3,6138418 | 4145|3-6175245 4180 
4111]3.6139475 | 4146/3.6176293-| 4181 
4112/3.6140531 | 4147/3-6177349 | 418213. 
4113/3.6141587 | 4148|3-6178387 | 418313. 
4114/3-6142642 | 4149|3.6179434 | 4184 
4115|3-6143698 4150[3.6180481 4185 
4116|3.6144754 | 4151(3-6181527 | 4186 
4117|3-614580g 4152|3.6182573 | 4187 
4118/3.614686z3 | 4153/3.6183619 4188 
4119/3.6:47918 | 4154/3.6184665 41 89/3-622110 
4120/3.6148972 | 4155]3:6185710 | 4199/3.6222140 
4121/3.6150026 | 41563-6186755 | 41913-6223 17 
4122[3,6151080 | 4157 3-6187800 | 4192/|3-622421} 
4123/3,6152133 4158|3.6188845 | 4193 3.622524 
4124/3,6153187 4159\3-6189889 4194 3.6226384 
4125/3.6154249 | 41603-6199933 | 4795 20227350 
4126|3.5155292 | 4161/3-6191977 4196 3.6228355 


4127 
4128 


4129 


3.6158449 


| 4164 
4130 3,6159501 | 4165\3.6196150 


3.6156345 | 4162|3.6193021 
3.6157397 | 4163|3.6194964 


3.6195107 


4 | 97|3.6229390 
4198 3-6230424 
4199, 3-6231459 


4200, 3.6232493 


x X- 


D —_ 


Vw VI Wo WI” wm” WW We 4 


> 


tn. DO TR OS OOO no i wo Nt OR. 20.26.” Eh. wm. | 


—_ 


201 
202 
203 
204| 
j205 


1206 


3-6233527 
3.6234560 


3-6235594 
346236627 


3-6 6237660 


3. 3.6238593 | 
3.6239735 
3-6240757 
3.624178g 
3-6242821 
3.6243852 
3.6244883 
346245915 
3-6246945 
3-6247976 
3.62490906 


713-6250036 


3-6251066 


l4z19 


4234 
9235 


3.6252095 


$220 36253124 


$221[3-6254153 
22213-6255182 
323[3-6256211 


3-6257239 
3.6253267 
3-6259295 
3,.6260322 
3-6261350 
3,6262377 
3.6263404 


3. 6264430 


| 


4 
4232] 
ba 


3-6265457 
3-6266483 
3-626750g 


[2.6268534 


4236 
4337 
4238 
4239 
| $240 
| 4241 
4242 
4243 
4244 
4245] 
4246| 
4247 
4248 
4249 
4250 
4251 
4252 
43253 
4254 


425513-62 


4256 
4257 


4258 


4359 
4260 


um|Logarithm. Num|Logerithy. Num | Logarithm. 


3.62695 59 
3-6270585 
3.6271610 
3-6272634 
3.6273659 
3-6274683 | 
362757096 
3-6276730 
grins Ln 

3-6278777 | 
3-6279800 | 


3.6281845 | 
3-6282867 
3-6283889 
3-6284911 
3.6285933 
36286954 | 
3-6287975 | 
3-6288996 | 


3:-6290016 


36292057 | 
3-6293076 
3.6294996 


4261 
4262 
4263 
4264 
4265 
4266 


4267, 


4268 


4269, 
4270! 


3.629515 
3-6296134 
3-6297153 
3,.6298172 
3+62 6299190 


3.6300208 
3.6301226, 
3.6302244 
3-63032602 
23.6304279 


Num|Logarithm,| 


3-6305 296 
3,6306312 | 4 
3-6307329 
3.6308345 
4275|3-6309361 
(4276(3.63 6310377 
4277/3-6311392 
4378,3.6312408 
(4279/3-6313423 
4280 3.63 6314438 


4281; 3.63 15452 


| $271 
| 4372 
4273 
4274 


3.6280823 | 4282 3.6316467 


| 4283 13+ 6317481 
4284 3.6318495 
4285,3-6319508 
4286/3.632 6320522 
4287 36321535 
4288 3.6322548 
| 4289,3.6323560 
42903, 6324573 


(4291/3+ 6325585 
3.6291036 [4393.3- «6326597 


4293/3.6327609 
4294 3-63 28620 
429513:0339632 
4296|3.6330643 
4297 3.6331653 
4298 3.6332664 
4299 3.6333674 
4390 3.6334685 


4301, 3.6335694 
4392 3-6336704 
439336337713 
4304 36338723 
14305(3-6339732 


4306 
4397 


4308 3.6342757 


4309 


43103. 36344773 


4311; 
4312 
4313 
4314 
4375 
4316 
4317 
4318 


4319, 


4320 
4321 
4322 
4323 
4324 


4325] 


3+6340740 
3-6341749 


3.6343765 


3-6345780 
3.6346788 
3.6347795 
3-6348801 
3.6 349808 


3-6350814 
3.6351820 
3.6352826 
3.6353832 
3.6354837 


3.635584} 
3-6356848, 
3-6357852 
3.6358857 
3-6359861 


4226|3,6360865 


4327 
4328 
4329 


4330 


4331 
4332 
4333| 
4334 
4335 


4336 


4337, 
4338 
4339 
4340 


3.6365 8$2 


3.6361869 
3.6362872 
3.6363876 
3.6364879 


36366884 
3-6367887 
3.6368889 
3-6369891 


3-5370893 
3.6371894 
3.6372895 
z-63738g96 
36374897 


Num "Logarnhm. 
FY0F 3.6375898 
4342)71,6376898 
(4343/3.6377898 
4344\3-6378898 
4345[3-5379898 
4344 3-6380897 
4347 3-6381896 
4348, 3.6382895 
43493-6383 894 
14350|3-6384893 
4351 3-6385891 
4352|3.6386889 
43 53]3.6387887 
4354 3-6388884 
4355/3-5389882 


4356|3,6390879 
4357 3.6391878 
4358}3.6392872 
4359/3 6393869 
4360/3.6394865 
4361[3-6395861 
4362/3- 6396857 
4363/3.6397852 
4364 3.6398847 
4365 3.639984? 


| Num| Cagarithe. 


—_ — 


4376,3-6410773 
4377 3-6411765 | 
13.64t2758 


3.6413749 
3-6414741 


Num| Log arithm. Num] Log arithm 


4381 3.641573 


13.6416724 | 4 
3.6417715 


4384 3. 6418705 
438513. 6419696 


43863, 6420686 


36421676 
3-6422666 
3.6423656 


2.6424645 | 4 


3.642 5634 | 4 
3.6426623 
3.6427612 
13+ 6428601 


4795|3-6429589 
4396 3.643 6430577 


3.6431565 


oaks 


3.6433540 
2.6434527 


4366, 3-6400837 
4367 3. 6401832 
4368 3. 6402826 
4369, 3.6403820 
4370 3.6404814 
(4371 3.6405808 
14372 3.6406802 
14373 30497795 
4374, 3.6403788 


4375 3:6409781_ 


36435514 
3.6436500 


3.542747 


2.6438473 


4405/3.6439459' 


4496|3-5449445 | 
4407|3.6441430 | q 
4408/3.6442416 | 44431? 
4409 3.6443401 | 4444|3-£477740 
4410/3.6444386 | 4445/3-6478718 | 44 


3.6448323 
3.64493 07 


[3+ 6451274 | 


418 6452257 
4419'3- 6453240 | 


3.6454223 
4421[3+645 5205 
3-6456187 
3-6457169 


4424|3-6458151 


5/3 6459133 


4455/3648 


6/13.64601 4 
3.6461095 
36462076 
3.6463057 


443113-646 F017 
3.6465997 
3.6466977 
3.6467957 
3.6468936 
3.6469915 
3-6470894 
3.6471873 
3-6472851 
44403.6473830 


— — _— 


214+6475785 


6476763 


443 0[?.646403 7 | 44 


3-6445371 | 4446/3. ro 
$.6445355 , 4447 3-6480671] 
36447339 4448 3.648164 

4449/3 36482614 
4450 3-6483690 
3.6450291 4451/3-6484576 
44523 6485552 
[4453/3 <—"—_ 


3+6487502 


3-6489452 
3.649046 
3-6491401 
3-6492375 
3-6493349 


3+6494322 
3-6495296 
3-64962 
3.0497242 
2-6498215 
3-6499187 
3-650016 
3+6501132 
3.65021 


3, 6503075 


3-6504047 
3-650501 

3.6505989 
3,650696c 


444113-6474$08 | 447} 


3.6507930 
3 76508901 
1,6500871 

[2.65 10841 


ol 3-651181) 


c[3.6512786 


N um|Logarich ”, 


Num| Logarithas. 


8 
$2/3.6514719 
$3/3.6515687 
$4/3-6516656 


$5/3-6517624 


3.6513750 


45153-6547539 
4517|3-6548501 
4518/3.6549462 
4519|3-6550423 
4520 3.6551384 


3.6518593 
4487/3-6519561 
$8/3.6520528 
89[3-6521496 
3-6522463 
49113-6523430 
p213-6524397 
93/3-6525364 
94/3.6526331 
$495/3-6527297 
96/3.6528263 
49713-6529229 
9$/3.6530195 
a9/3.6531160 

$00/3-6532125 


$01] 3-65 33090 
02/3+»6534055 
$0313-6535019 
$0413.6535984 
$505[3-65 36948 
$505/3-6537912 
507136538876 
50813.6539839 
509[3,6540802 
$510[1,6541765 
2+6542728 
3.6543691 


3.65456 16 


5l5/3.6546578 


prg.6549610 454 


4521|3-6552345 
4522] 3-655 3306 
4523|3-6554266 
4524|3.6555226 
4525 3,6556186 
452613-6557145 
4527(3.6558105 
4528[3.6559064 
452513.6560023 
45 3e[3-6560982 


4531136561941 
4532|3.6562899 
4533[?-6563857 
4534|3-6564815 | 4 
4535]3-6565773 
45 36]3.6566730 
4537|3-6567688 
4538|3-6568645 
45 39|3-6569690 
4549]3-6570558 
4541136571515 
4542[3-6572471 
454313-6573427 
4544|3-6574383 
4545|3:6575339 
4546| 3.6576294 
4547|4-6577250 
548/3.6578205 
4549 3-6579159 


| 4582) 


Num| Logarithm 
4586/3. 661434 
45 87,3-661528 
4588/3-661627 
45 89]3+6617181 
4590/3» 6618127 


4591]3-6619073 
4592[3-6620019 
4593|3-662096g 
45943-6621 910 
459513.6622855| 
459613. 6623800 
45973-£624745 
4598/3-6625690 


Num| Log arichm. 
4551]3-6581068 
455213-6582023 
4553|3.6582976 
455413.6583930 
4555[3-6584884 
4556|13.6585837 
45 $713.6586790 
4558/3-6587743 

45593: 6588696 | 
4560/3.6529648 
4561 3. 6590601 
4562/3.6591553 
4563/3.6592505 
4564|3-6593456 45993. 662663 
4565[3.6594408 | 46003-6627574 


4566/3-6595359 | 4601 3.66285 23 
4567|3.6596310 | 4602 3-6629466 
960 Jo6597261 | 4603 3-6630410 

ts op 4604 3-6631353] 
457 3.6599162 | 4605/3-6632296 
4571/3.66 6600112 | 4606|3-6633239 
4572|3.6601062 | 460713-6634183 
4573|3-6602012 | 46083.6635125 
457413 -6602962| 460g|3-66 36067 
457513 3-660391 1 | 461: 461013-663700g 


4576 3 3-6604860 4611 1/3 6637957 
470, .6605809 | 4612}3+ 6638893] 


4578|3.6606758 | 4613/3.6639835 
4579|3-6607706| 4614j3.6640776; 
45 80/3.660865 5 | 461513 36641717 
4581|3-6609603 46163. 3-664265+ 
3.6610551| 461713.6643599 


4550 3:6580114 | 4585 2-661 3392 | 


4583/3.6611499 | 46183-66445 39 
4584 3. 6612445 461913. 6645480 
| 4620'2, 6646420 


HITYf 


Num] 
4521) 
4522 
4523 
4524 


[4526/3 
4627 


452513 


3-6647360 
3,6648299 
3-6649239 
2.6650175 
6651117 


Legarichm. | 


6652056 
36652995 


2m. | Num! Ly 2garithn, mw, | Num| Logarithm, 
46556 3.6680130| 4691 
4557 36581062 | 4692 
4558 3 6681995 | 4693 
4659 3-6682927 | 4594 
4560 3.6683859 4695 
4661 3. 36684791 | 4696 
4552, 3.6685 723 | 4697 


3.6712554 
3.6713580 
3-6714506 
36715431 
3-6716356 
Zo 346717281 
3-6718206 


Num| Logarithe, 
4726 3+6744937 
4727 3-6745856 
4728 3+6746775 
4729 3.67476g3 
4739 3. 6748611 

SP I—m——_—_. 
4731|3.674952 
4732, 3-6750447 


4628; 6653933 
[4529/3-6554873 
4530, 3.6655810 
14631, 3.6556748 
4532 36557685 
4533, 3.655623 
4634 3.6659569 
4635 3-66 6669497 


4636.3: 3-5661434 
4537 3.6662371 


4639 3-6564244 
4549,3.666 6665180 180 
4547, '3, 36666116 
4542/3. 6667051 
4643 3.6667987 
4544) 3.6668922 
4645/3.66 .6669857 
14546 3-6670792 


4547] 36671727 


4648| 3.667 2661 


4654/2-65875 85 | 


4563] 3-6686654 | 4698 


4638/3-6663307- 


3.6673595 


46 5c|3-6674530 


4553 
4654; 


3.675463 | 


(13-6677 331, 
4.667264 | 


4567 
4668 
4569 
4670 
4671 
4672 
4673 
4574 
4675 
4676 
4677 


4681 
4682 
468} 
4684 
4685 


4686 


3 6676397 | 4687 


4688 


4589/3 
4555 I 66797 97 ; 4690/3» 6721736 


4578 
4679/3.6701530 
46 680, 


4665|3-6688516 
4666, 


3.6689447 
3+-6690378 
3-6691308 
3.6692239 
3-66973169 


3.6694099 
3.6695028 
3.6695958 
2.56696887 
3. 5697816 


3.5698745 
3.6699674 
3,6700602 


J. 3.6702459 
3.6703386 
3-6704314 
3.6705 242 


46599 
I 
4701 
4702 
4703 
4704/3 
4795 
4706 
4707 
4708 
4709 
4710 
$711 
4712 
4713 
4714 


4715| 


3-6719130 
3.6720054 


3.6720979 
3-6721903 
3-6722826 
Em 

6724673 
3.6725596 


3>67236519 Ig | 


3-6727442 | 4742|3-6759615 
3.6728365 | 4743/36 7000 
4744 


3. 6729287 
3.6730209 
3-6731131 
3.6732053 
3-6732974 
3-6733896 
3.6734$17 


4733 


4734 


4735 
4736 


4737, 
4738 


4739 
4740 


4741, 


4745 


4746 
4747 
4748 
4749 
4750 


3+6751365 
3-675228z 


3.675 53200 
3» 36754117 
3675503 
3.6755951 
3-6756867 
3+6757783 


3-6758700 


3.6761 

3.676330 
Z+ 36763277 
3+6764192 
3+6765106 
3.676602? 
3+6766936 


4716 
4717 


4118 


3.6735738 
(3+6736659 
3.6737579 


4751 
4752 
4753 


36767850 
EY 
3-676967t 


3,6706169 | 
3-6707096 | 
J. 3.6708023 
3-6708950 
2,67098%76 
3,6710802 


4719,3.6738500 
4720/3, 67? 9420 


$9 >1) 3-6740340 
4722 '3.6741260 


4724 3.6743099 


|4725'3.6744018 


, 4757 
4723,3.6742179 


3677059? 
36771595 
3-6772418 
3-6773332 
4758136774244 
47591 3+6775157 
4760'3.677600g 


4754 
4755 


4756 


3 a IJ 


— = Ht 


\S } - 4 


Num| Num| Logaric hm. 
4761,3.6776982 
3-6777 894 
3.6778806 


765/3.6780629 


Num| Logarithm. 


4796,3-6808792 
4797|3-6809697 
4798|3.6810602 
3-6811507 
3.6812412 


4800 


766,3.6781540 | 
16713. 6782452 
68/3.6783362 | 
3.6784273 | 
47793 2 


771|1-678 6786094 | 

36787004 | 
3.6787914 
3. 6788824 | 
175|3-6789734 | 
77613-6790643 
77713-6791552 
3+6792461 
3-6793370 
3-6794279 
3-6795187 
?.6796096 
36797004 
3.6797912 
3.6798819 


| 4808 


3-6813317 
3-6814222 
3.6815126 
3.6816030 
3.6816934 
3.6817838 
3+6818742 
3.6819645 
3.6820548 
3-6821451 


J. 3.682 22354 
3.6823256 
2,6824159 
3.082506 : 
3.682 25963 
2.6826865 
3-6827766 
3.6828668 
3-6829569 
3-6830470 


4801 
4802 
4803 
| 4804 
4805 
4805 
4807 


4805 | 
48 1c 
4811 
4812 
481: 
4514 
4815 
4816 
4817 
4918 
481g 
4820 


3-67 99727 
3-6800634 
3-6801541 | 


78913. .6802448 | 


1791 Zo 3-6804262 | 
792(3.6805168 | 
793|3-6806074 
794|3-6806980 
479513.6807886 


4826 


3.6831371 
482 2|3-6832272 
4825/3-6833173 
4824/3. 6834073 
3-6834973 


36835873 
$-6836773 


4821 


4827 


4828/3.6837673 | 4863 3.6869043 | 4298 3.69001 68 
4829 3.6838572 4864 3.6869936 | 4899. 3.6901074 
4830 2:6839471 | 4865 2-6870828 4900 3,6901c61) 


Num|Log arithm. 
4831, 3-6840370 
4832/3 6841269 
4833, 3.6842168 
483413. 6843066 
483 513-684 3965 
483613684 6844863 
4837/3.6245761 
4838|3-6846659 


4839 3-6847556 
4840 3-6848454 
4841 3-6849351 
4842 3.6850248 
4843/3.6851 145 


4844/3: +6852041 
4845/3.6852938 | 4 
43 46/3-68 6853834 
4£47|3-6854730| 
4848/3-6855626 
4549 3e6856523 


485113 6858313 
4852/3-6859208 
485 3/3-6860103 
4854/3-6860g98 
485513 3-6861892 
4856/3. 6862787 
4857|3-6863681 
4858)3.6864575 
4859/3. 6865469 
0502s 6866363 
4861, Js 6867256 | 
4862. 23.6868149 


Num! Logarithm. 
4866 3.6871721; 
4867 3-6972613 
48683.6873506 
4869 3-6874398 
4870 2.6875250 
4871 3. 6876181, 
4872 3-6877073| 
4873 3-6877964 
4874 3-6878855 
4875 2.6879746 


48763, 3.688c637 
4877 3.6881528 
4878 3.6882418 
4879 3.6883308 

45803: 3-6884198 
46 ATY J. 3-6885088 
4882 3-6885978 
| 4883 3.6886867 
4% 84 3-6887756 
3885 3. 6888646 


CO 
I _ 


4386/3- 6889535 
488713- .6890423 
48883. 6891312 
4889\3-6892200 
489c 3. 6593089 


4891|3-6893977 
4892136894864, 
4893/3: 6895752] 
4894 3. 6896640 
4895/3.6897527 
4896.3 6892414 
48973, 6899301 


Il11f93 


[Num] Log axiche. | 
490113.6902 847 
43 0213.6903733, 
4903|3-6904619 
4904|3.6905505 
4905|1-6905390- 
4305] 3-6907275 
4907, 3-6908161 
4998 3.690g046 
4909 3-5909930 
4910 3.69108r5 


I —— — ———— 


4911 3.6911699 
4912/3.6912584 
4913 3.6913467 
4914 3.6914352 
ets Rove gal? 
14916 3-6916119 
4917 3.6917002 
4918 3.6917885 
14919 3.691 8768 
4920 3.6919651 
4921 3.69205 34 
[4922 3.6921416 
4923 3.6922298 
(4924 3.6923780 
4925/3.6924062 
hae b49%,4m- +44 
4927, 3-6925825 
4928 3.6926707 
4929,3.6927588 
[493% 3-692 34s 
3$.6929350 
3-6930231 


Ss. 


: 
1 
14932 
; 


493436931991 | 4969, 3.6962690 


Num|L>g arithas, 
4936 3+6933752 
4937 3-6934631 
4938 3.693551 
4939 3-6936390 
4949 3-6937269 
4941/3-6938149 
4942 3.6939027 
4943/3-6939906 
4944 3-6940785 
4945, 3:0941663 
4946'3-6942541, 
4947 3+5943419 
4948 3-6944297, 
4347/3-6945174, 
4951'3.6946929 
495 213.6947 $06 
4953|3.6948687 
495435949560 
495513-2959427 | 
4956/3.5951313 
4957 3.6952189 | 
4958'3.6953065 
4959 3-695 3941 
4960 3.6954817 
49613.6955692 
4962 3-6956568 
9903 3-695744? | 
4954; 


4966\3.6960067 


4970.2-6963564 | 


Num| Log avithme, 
4971[3.6964438 
4972 
4973)}3-6966185 
49743-6967058 
4979]3-696797 1 
4976|13-6958804 
4977|3-696 9676 
4978 3-6970549 
4979 3-6971421 
4980/3-.6972293 
498113.697 3165 
4982 
498313+ 
498 


4985]3.6976652 | 


4936 
4987 
4988 
4985 
4999 3.691005 
49351 
4992/3. 
4993|3- 
4994(3-6984485 
4995 
4996 3.6986224 
4997, 3-6987093 
4998 3.6987963 


3.6958318 | 4999, 3-6988831 $034 3-701913 
4965/3-6959192 | 5000, 3.6989700 | 5035/3.7019999 


5001/3.6990569 
5002 3.699143 7 
5003 3.6992305 


3-6965311 


3.6985355 | 


| Num 
| Ave 4 


500g 3.699751 


j 


5032/2-70174 
| $033/3-70182 


| 5036 3.7020857 
5037, 3-7902171 
5038 3.702258 


5004 3.699317} | 
ne BD hk 


50393-7023 


5040 37024395) | 


arithe,,. 


F_n___A___—___——_—TT—T_— T_T —_——____ TT 


—_ m 


Logarithw. 


ee———_ 


* 


3,7025167 
3.7026028 


3.7026890 


37027751 
3.7028612 


3.7929472 
3.7030333 


Num| Logarithm. 


5076 
5077 
5078 
5079 
5o$o 


5OBn 


| 5082 


3.7031193 | 5083 
3.7032054 | 5084 


3-7032914 


3-7033774 
37034633 
3-7935493 
3.7036352 
3-7037212 


5069 
5070 
$071 
5072 
5073 


3.7038071 
3-7038929 
3-7039788 
3.7040647 


3.70415 05 


3-7042363 
147043221 
3+7044079 
3.7944937 


5065 3+7045794 
5066|3-7046652 
5$067|3-7047509 
5068|3.7048 366 


3-7049223 
2.7050080 
3-705 0936 
347051792 
3-7052649 


507 


367053505 


507513.7054360 


5085 
5086 
5087 
5o88 
508g 
5Oge 


$107 


5108 
5109/3.7983359 
5110 3-7084209 | 5145 27113854 


3-70552.16 
3-7056072 
3.7 056927 
3-7057782 
3.7058637 


— —— 


37059492 
3-7060347 
3.7061201 
3.7062055 
3.7062910 
3.7063764 
3.7064617 
3.7065471 
3.7066324 
37067178 
3.7068030 
3.7068884 
3.7069737 
3.7070589 
37971482 
3.7 072294 
3-7073146 
3-7073998 
J-70745%50 


3-7075702 


3.7076553 
3-7077405 
3.7078256 
3.7079107 


3-7079957 


2.7080808 
3-7081659 
3,7082509 


Num ? Log aruhm. 


FIII 
FII2 
FLr3 
FIng 
Fils 
FI16 
5117 
F118 
jilg 
$121 
F122 
F123 


F125 
5126 
5127 
5128 
5129 
F130 
FL3L 
5132 
$133 
$134 
5735 
5136 
5137 
5138 
5139 
5140 


5120 


5124 


L 


3-7085059 
3-7085 908 
3.7086758 
3.7087607 
3-7088456 
3.70893 05 
3.7 090154 
[3-7091003 
[3.7091851 
13-7092700 
3-7093548 
3.7094396 
3.7995244 
3-7096091 
3-7096939 
3-7097706 
3.709863 3 
3.70994 80 
3o7100327 
3.7101174 
3.7102020 
3.7102 $66 
Z-7403713 
37104559 
3:7795404 
3-7106250 
3.7107096 
3.7107941 
3.7 108786 
3.7109631 


| 


: 


$142 
5143 


5144 3-7113010 | 


5147, 


2-7110476 
[3,7111321 
3.7112165 


Num|Logerithn q 
5146 3.711469 
5147/3-7115542 
5148 3+71 16385 
5149 3+-7117229 
$150,327 118074 
-1513-7118915 
SI5213*711975 
Fils 3/3+-7120601 
5154137121444 
Ring 


515613712312 

5157137123971 
5158/3-712481 3 
5159,3-7125655 
516037126497 
5161/3-7127339 
5162 3-7 128180; 
5163 3-7129021 
5164 3*71 29862 
5165 3-7130793. 
5166 3+7131544 
5167 3-7132385 
51683.7133225 
516g 37134065 
5170 3-7134905 
$171/3+7135745 
5172]3-7136585 
$17313+-7137425 
517437138264 
$2175 3:7139104 
51763-7139943) 
5177,3-7140782 
5178 3-7141620 
$1793-7142450 
| 51803,7143298, 


— 


Iiiliz 


Num |Logarithm, | Num Lagarithm., Num | Logarnhm, | Num| Logarithm.j | 
518113,7144136| 5216j3,7173376 | $251|3-7202420 | 5286 3.723177 
F18213-7144974 | 521713-7174208 $252|2.7203247 587 3-7332093 | 
(5183]3.7145812 | $218/3.7175041 þ525313:7 204074 | 5288{3-7232914 {| 
{5184|3-7146650 | 5219/3-7175873 | $254[3-7204901 | 58g 022290 
$18513:7 147488 | $220/3-7175705 | 5255[3:7205727 5290 3-7234557 
5186|3.7148325 | 5221|3-7177537 | 5$256|3.72065 54 $291|3:7233378 | 
518713-7149162 | 5222 3.7178369 | 5257/3-7207380 | 5292/3,723619 
$1883.71 50900 | 5223,3-7179200 5258|3-7208206 | 5293|3,723701 
5189|3.7150837| $224/3+ 7180032 | 5259|3.7209032 | 5294 
F190[3-7151674 | $225/3.7180863 $260/3-7209857 529513. 
5i191|3:7152510 5226/3, 7181694. | 5261|3.7210683 | 529613. 
[$192]3-7153347 | $227/3.7182525 | $262]3.721 1508 | 5297 
9 19 gwen ate 526313-7212334 | 5298 
5194|3-7155019| 5$229/3.7184186.| 5264[3-7213159| 5299 
5195137155856 | $230 3-7185017 | 5265]3-7213984 | 5300 


—_—— — 1 _ — 


5196[3-7156691 52313-7185 847 5266 3.721480g9 | $301 | 
5197137157537 | 5232/3.7186677 | 5$26713-7215633 | 530213. | 
519813.7158363 523313. 7187507 | $268|3.7216458| 530313. | 
51991 3-71 59198 | $234 3.7188337 | 536913,7217282 | 5304/3:7246035 | 
5200|3-7 160033 5235/3.7189167 $27013-7218106 5F305/3-724685 
$201 3-716oBog | $2363 7189996 | 5271/3.72189;30| 5306 347247672] | 
$20213.7161703 | $237,3.7190826 | $272[3.7219754 | 53073.7248491 
520313-7162538|5238/3-7191655 | 5273|3-7220578 | 5308|3.7249309 | 
: 

| 

| 

{ 


5204137163373 | $23913-7192484 | 5274|3-7221401 | 5309|3.7250127 
F20513-7164307 | 52403-72933 13 | $275[3.7 232225 $31013.7250945 
F206{3-7165042 | 5241|3-7194142 | 5276 3e7223048 5311/3-7251763 
5207/3-7165876 | 5$242/3.7194970 | $27713-7223871 | 5312|3-7252581 
5208]3-7166710| 5243[3.7195799 | 5278|3-7224694 | 5313|3-7253398 
5209[3.7 1675.44 | 5244}3.7 196627 | 527937225517 $31 413-735480) 
5210 3-7 168277 | 5245/3-7197455 | $280[3.7226339 | 5315|3+7255037 
5211/3.7169211 | 5246|3.7198283 | 5281[3,7227162 | 5316|3,7255850 
5212 ,3.7170044|$247|3-7 199117, 528213-7227984 5317137256667 

3-7228806 | 531813,7257483 
3-7229628 | 5319 he ae 
37230450! 5$32013-725 9116 


5283 


5284 
5285 


5213(j3-7170877 |5248|3.7199938 
521413-7.17 1710 | 5249}3-7200766 
[5 215!3-7172543 |5250/3-7201593 


, 321 
322 
323 
324 


Num| Logarithm, 


N um| Log ar 1thm. 


Num|Log arithm. 


Num| 


Logarithns , 


3-7259933 
$-7260749 
3+726 I 565 
3+-7262380 


325/3.-7263196 


5356 
$357 
5358 
5359 
5360 


3+7264012 
37264827 


37265642 | 5363 


3-7266457 | 


3:7267272 | 5365 


3-7268087 | 
3-7268g01 
3.7269716 
3.727031 
3+7 271344 


5361 
5362 


5364 


5366 
5367 
5368 
5369 
$370 


—_—_— EC_CRHR——_zX_—Tz——TPPCU}]P'R©}])YTT}])YTT] EE. tt. = = t 4 *  — 4 bk. O—_ 4 5.” a.” 4. F 


3.7272158 
3.7272972 
347273786 
3.7274599 
J+7275413 


3-7276226 


$+7277939 
3+-7277852 
3.7278664 
3-7279477 


$371 
5372 
5373 
5374 
$375 


5376 
$377 
5378 
5379 
5380 


$347 


3-7280290 
3-728$1101 


534 
534913 
$350/3.728 
351 
$3523 
$353 


335 
5355 


3-7281914 

3.7282726 
17283538 
7-7284349 

3.7285161 
3-7285972 
267286784 
3.7287595 


3-72 88406 
23+72892 16 
J.7290027 
3-7290838 
3.7291648 
3-7292458 
3-7293268 
3.729407 
3.7294858 
3.7295 697 
37296507 
37297316 
3.7298 125 
3.7298934 
37299743 
3.7300FS1 
3.7301360 
,1,7302168 
$-7302977 


3-7303785 


367 304593 
$-7305400 
3-7306208 
3-7307015 
3-7307823 
3.7308630 
3-7309437 


3137310244 


3,7311051I 
3-7311857 
3-73 12663 
3-7313470 


5388) 
5389 


3.7 314276 
3.7315082 


F391 
$392 
5393 
5394 
5395 


5396 
$397 
5398 


5399, 
5400O| 


5401 
3493 
5403 
5404 
5495 
5495 
5497 
5408 
5409 
5410 


5411 
5472 
5413 
5414 
5415137: 
5416 
5417 
F4I8 
541s 
5420 


CC — —— 


$421 
5422 
5433 


3-73 16693 
3-7317499 
3.7318304 
3.7319109 
3-7319914 
3.73 20719 
3.7321524 
3+7322329 
3-7323133 
2-7323938 
3-7 324742 
3.7325546 
3.7326350 
3-7327153 


3.7327957 


3-7328760 
1+7 339564 
37330367 
307331170 


37331973 


3-7332775 
3-7333578 
3+-7334380 
3+-7335182 | 
3-7335985 
3-7336787 
3-7337588 
3.7338390 
3-7339191 


3-7339993 


3-7 349794 
3.7341595 
3.7342396 


5424 3-7343197 | 


5390 3 -7315888 | $425/2-7 342997 


5 426 


$427 


5428 
5429) 
5430(3-7347998 


5431 
5432 
5433 
5434 


$435 3:735 1995 «7351995 


5436 
$437 
5438 
5479 
5449, 


5441 
5442 
5443 
5444 


5445 


34465 
5447 
5448 
5449 
5450 


5451 
$452 
5453 
5454 


5455 


5456 


5457 


5458 
5459 


| 5460 


[3.7356787 
3-7357585 


3-7359979 


3-7360776 
3-7361574 


3-7363965 
3-7364762 
3-7365558 


3.7367151 
3.7367948 


3-7368744 


3.7 344798, 
3:7345598 
37346398 
3-7347198 


3-7348798 
3734959 

$-7350397 
3.7 351196 


3.7352794 
3-7353593 
37354393] 
3-7355191 
3:7355989 


347358383 
3-7 359181 


3.7362371 
3.7363168 


3.7366355 


3:7369540 
3-7370335 
3.7371131 


2.7371926 


Ii 


i1 4 


$451 
5462 
5463 
5464 


5456 
5467 
5468 
5469 


547! 
5472 
5473 
. [5474 

15475 


[5476 
$477 
$478 
5479 
15480] 
5491 
5482 


5455] 


1472 


\Num |L eg erirhms. 


307372732 
$*737 3517 
367374312 
3$+7375107 
3:7375992 
3-7376696 
3-7377491 
3-7478285 


37379079 
3-7379873, 


3-73 80667 


"Num |Logeriches. 


5496 
$497 
5498 


3499 
. 5500 


FF©O2L 
$593, 
5504. 
5595 
| 5506- 


3,7400467 
3:7401257 
3. 7402047 
3-7402837 


3-74036327 


$50t/3-7404416 


3.7405 206 
3-7405995 
3-7406784 
347427573 


Num|Logarithm. Num| Log arichay,j 


5531 
F532 
$533 
$534 
$539 


5536 
$537 
5538 
5539 
5540 


| 


3-742 3037 | 5566 3-745 5433 


3-74288 23 
3:7429607 | 
3$+7430392 
3.7431176 
3-743 1961 
3$-7433745 
3$+7433530 
37434324 
3-743 5098 


197 


3+74562113 
8 3:7456991 
[5569 37457771 
$579 3-7438551] 


$571/3-7459941] 

$572/3,7466t 1 | 
5573/3 746089 
$574/3+7461670| 
557513. | 


9.740 x 36 2 


3.7381461 | $507/3.7409151 
$.7382254 5508 3. 7409939 
3-7383048 | 5599 3.7410728 
3-7383 841 | ($570 $5793-7 741i516 


3-7384634| 5517/3 3-741236q | 5540 


3-7385427 |'5 
3.7386220 


3-7387013 


3-7387896 | 5515 


3-7388598 
3-7389390 


5483 
548 


5489 


$491 
(5.492 
5493 


5499] 


5494 
15495 


3-7390182 
3$+73 99974 


548513-7391766 
5486/3.7392558 
$48713-7393350 

5$48813-7394141 


37394932 
367395723 
3.7396514 
37397395 
3.73 98096 
3-7398886 
3-7399677 


's 


F513) 
5x3 
$514 


$.7413092 
3.7413890 
3.7414668 
3.7415455 


| 5526 
5517 
F5rs 
551 
5520 


F$2T 
FF22 
3523 
5534 
$525 


FF2 


552 


3-7416243 


3.741703© | 


347417817 


913-741 8604 


3-7419391 
$-7420177 
3.7 420964 
37421750 
3.7 422537 
3-7423323 


37424709 


5527137424895] 
55 2813;7425680 


3-7426466 | 


5530 3-74273F1.1. 


3541 
$542; 
5543 
3544 


3-743 5881 
3.743666 5 
3+7437449 
3-7438232 


3545! 


554613 
554 
8 


37439015 


3-7439799 
3-7440582 
3-7441365 
3.7442147 


555913-7442930 


3.744372 
3.7444495 
37445277 
3-7446059 


3.74468q1 


17447622 
3.7445404 
$-7449185 
3.7449967 


5$60|$:7450748 


5563) 
5564 
6 


3607451529 


(3-74523T0 


$-7453091 
37453871 


F582 


5576(3-746311 

5577|3-7464006 
5578(3.7464785 
$580/3.746634: 
5581 3.74671 te 


5583|3-746 
5584 3-7469454| 
F585/3- 0232] 
5586 $.747 oc 
5587137471987] 
5588\3.7 472564], 
'5589/3.7473341] 
$5993-747 
5591|3-7474895 
5592|3-747567 
5 593|3-7476441 
55943-74772 


$59513-7478001 
$596|3.747t 
5597 
5$9813.74q80525 
55991} "__—_y 
56001? $188c 


37407598 Il 


$:7479557] 


| 


$-7454206 


3-7486531 
607 3-7487 306 
608 3,7488080 
60g 3,7488854 
610 3-743 9629 
1 3+7490403 
5612/3.7491177 
613|3.7491950 


16 3.749427 1 
1713-7495044 
183.7495817 
<tc 
3+74973 63 
37498136 
3-7498908 
3.749968 1 
3-7500453 


$629 3-7504312 
$630 3.7525084 | 
5631, 3-7505855 
$632 3.7506626 
$633,3-7507398 
"a4 7508168 


15 635.3-7508939 


| 


Num| Log arichm. | Num|L Log arithm 


56363-7509709 | 
5637/3-7510480 
5638 3e7511251 
5639 3.7512021 
$649/3-7512791 


$641|3.7513561 
$642\3.7514331 
5643/3-7515100 
5$644/3-7515870 
$64513-7516639 
5646|3-7517409 
5647|3-7518178 
5648|3-7518947 
$649|3.7519716 
$6593:7520484 
56FI|23,7521753 
F652|3.,7522022 
$653/3.7522790 
5654/3-7523558 
$655[3:7524336 
5656|3.7525094 
565713 7525862 
5658 3.7526629 
$659:3.7527397 


$660. 3.7528164 


5661, 2.,7528932 
5662 3.7 529699 
5663/3.7530466 
5664 3,7531232 
5665 3-7531999 
5666/3. 3-7532766 
$667j3.7533532 
5668 3.7534298 
$669 3-7535065 


5670) 37535831 | 


5671 
5672 
5673 
5674 
$675 
$676 
$677 
5678 
5679 
5680 
5681 
5682 
5683 
5684 
5685 
5686 
5687 
568$ 
5689 
5690 
5691 
5692 
5693 
5694 
5695 


347537362 
3+-7538128 
2-7538893 
37539659 


3-7 541189 
3-7541954 
3-7542719 


3.7 544245 
J+7 545012 
3+7 545777 
3-7 546541 
3-7547305 


3.7548069 
3-7548832 
3+-7549596 
3.7559359 
3-75 51123 
[3-7551986 


3-75 52649 
2.75 53413 
347554175 
3.75 54937 


[3.7 540424 | 


3-75 36596 | 5706|3-7563318 


$70713-756407 


| 5708 


347543483 | 


5696 
5697 
5698 
5699 
5700 
F701 
5702 
5703 
5704 
5795 


3.7555700 
3-75 56462 
3$.75$7224 
37557987 
3-75 58749 
3*75 59510 
3.7 560273 
3.7561034 
3.7561795 


37562556 


$734 
$735; 


$737 
5738 


3-75 85334 
LEARI ACEAEE EE 
$7363.75 86091 


3-75 87605) 
$739|3-7 588362 
$74 3.7589119 


3.756484 
3-7565600 
37566361 


3-7 567122 
3+7 567882 
1-7 558642 
3-7 509405 
3-7 570162 
3-7 570922 
3-7 571682 
3-7572441 
3-757 3201 
1-7573960 


$97 $7477 

37575479 
3-7576237 
3-7576996 


5725 -7I0TT91 


3-7 578513 
3+7 $7927? 
3-75 80030O 
3-7520788 
3.7581546 
3-75 82304 
3-7 583062 
3.7583819 
3.7584577] 


3.75 8684 


— 


C_——— 


5742 
5743 
5744 
$745 
5746 
$747 
5748 
5749 
$75 
5751 
5752 
5753 


Num| Logarichm. | 
$74" 3-7 589875 


3.75$0633 
3-7591388 
3.7592144 
3-7 592900 
3-7593656 
3-7 594412 
$.7595168 
$-7595923 
3:7596678 
1.7597434 
3-7598189 


5754 
5755 


$756| 
$757 
5758; 
5759 
5760 
5761 
5762 
5763 
15764 
$755 
5766 
$767 
5768 
5769 
$770 
$771 
$772 
$77* 
5774 
15775 


(3.759999 
[3-7609453 


3.7 598944 


3-7601208 
3.7601962 
3.7602717 
3-7603471 
3.7604225 
3.7604979 
3.7605733 
3.7606436 
3.7607240 
3.7607993 
3.7608746 
3.7609500 
[3.7610253 
3.761 1005 
3-761 1758 
3.761251 


Num| Logarithm. 


Num| Log arichme. 


$776,3+7616272 
$777|3»7617024| 5812, 3-7643256 | 
$77813-7617775 | 5313 3-7644003 
5$77913-7618527 | 5814 3-7644750 
5$780/3.7619278| $315|3-7645497 
5781|3.7620030| 58163-7646 244 
5782|3.7620781 $8173-7646991 
5783|3-7621532 | 5$1813-7647737 
3-7622283 | 5819|3 76484834 
3-7623034 | 5$2013.7649230 
3.7623784 | 5821|3-7649976 
3+7624525 5$22|3-7650732 
3-7625285 | 5823|3-765 1468 
3.7626035 5824(3.7552214 
3-7626786 5825|3.7652959 
3.7527536 | $$26|3+7653705 
3.7628286| 5827|3-7654450 
3.7629035 | 582813.7655195 
3.76297 85 | 5829 


3-7655941 
3-7630534| 5830[3.7656686 
5831 


7631284 3-76 57430 
— 5832|3.7658175 
5833|3-7658920 
5$34|3-7659664 
$$3513-7660409 
5801|3.7635029 | 5$836|3,7661153 
5802/3.7635777 | $837|3-7661897 
5803|3-7636526 | 5838|3.7662642 
SHER 5839|3.7663385 


$799 3-763353! 
3.76 34280 


5805|3.7638032 | 5840|3,7664128 


3-7664872 | 
3.7665616 


5806 3.7538770|5841 


3-7613263 
2,7614916 
3-7614768 
2.7615520 


| 


58073-7639518 | 5842 


581 1 3.7643509 | $846 3+766858 


5808 3,7640266 | 5843|3.7666359 
580g 3.7641014 | $84413.7667102 | 
$$19 3-7641761 | 5845|3.7667845 


Sy] 


Num! Logaricha, 


5847 37669331 
5248 3:767007 
5849,3.7670815 
$850,3,767155 
$851|3,76752301 
5$853|3,7673785 
5854 3-767452 
58553476753 
5856/3:767601 
5857/3+767675 
5858|3.7677 
5859/3-7678235 
5860 3.767 
5861 3767971 


5862/3.768045h}. 


5863|3.76811 
5864 3.768194 
5865 3.76836 
5$66/3.7683421 
5867|3.7684161 
5868 3.7684901 
58 69| 3.768564! 
5870/3.7686381 
5871|3.7687191 
5872|2.768786 

587 3|3.768860 
5$374|3.7689339 
$87513:769007 

5876/3-76g081* 
$877,3-769155 

5878/3-7692296 
5879|3+7693035 
5880'3.709277 


5882 
5$83 
5884 
5885 
5886 

887 
5888 
[5889 
5899 


5891 
5892 


_—_ 
5901 


15902 
5903 


5995) 
[5906 


590g 
$9TO, 
59lL 
5912 
5913 


5904 


Num] Leg arir bus 
5881/3 


+7694512 
3.7695250 
3.7695988 
37696727 
3-7697465 


5916| 
5917 
7918 


— — 


3.77 20282 


3.7721016 
37721750 


5919 3.772248} 


5920 


$+7723217 


3» 3-7698203 
3-7698940 
3-7699678 
3.7700416 
3-77onny3 
3-7701890 
3.7 702627 


5893}3.7793364 
5894 3-7704101 
5895|3-7794838 
5$89613.7705575 
589713-7706311 
589813.7707048 
5899 3-7797784 


3.7708520 
3-7709256 
3+7799992 
347710728 
3.7711463 
37712199 


| 5924 


FOZL 
5932 
5923 


3925 
5926 
5927 
5928 
5929 
5930 


F931 
5932 
$933 
5934 
5935 


5936 
$937 
5938 
5939 
5940 


3.772395 
3-7724684 


37725417 


3.7726150 
3.7726884 


3-77 27616 
37728349 
3-7729082 
3.772914 
3-77 39547 
3$-7731379 
3-77323011 
3.7732743 
3-7733475 
3-773 4207 
$.7734939 
3-773 5670 
3-77 36402 
347737133 
3.7737 864 


Num. 


Legarithm. 


59511 
5952 


3.7745899 


[3-77 46629 


595313+7747359 


5955 


5956 
$957 
F958 
5959 
5960 


5961 
5962 
5963 
5964 
5965 


$954]3-77 48088 


3-7748818 
$.7149547 
447750276 
3.77 51005 


13-7751734 


3.7752463 
3-7753191 
3+77 53920 
3-77 54648 
3«7755376 
3-7756104 


5966 


5967 
5968 


5969 


5970 


597! 
5972 
5973 
5974 
5975 


347756832 
3+7757560 
3-7758288 
3.7759016 
3+77 59743 


Num|Legarilas. 


59863-77713 67 


5987, 
598$.? 


| $989! 


5991, 


3$-7772097 
1.7772818 


3+ 7773543 
5990 3-7774268| 


3+7774993| 


5992/3+ 17775718/ 


5993 


5994 


5995 


5996 
5997 
5998 


5999 
6000 


— 


13-7776443/ 


3+7777167 
37777892 
3-7778616 
3$+7779340 
3-77 80065 
3-77 80789 
3-7781513 


6001 
6002 
6003 
6004 
6005| 


3-7760471 
3.7761198 
7,7761925 
347762652 
347763379 


3-7712934 


$907, 3- «7713670 
— 7714495 


3-7715140 
(13-77 15875 
3-7.716610 
37717 344 
3+7715079 


$914 3.771881; 
$915\3-7719547 


5941 
5942 
5943 
3944 
5945! 


5946] 
5947 
5948 
594 


3.7738596 
3.7739326 
3.7 740057 
3.7 742788 
3-7741519 
3-7742249 
3-7742979 
3-7743710 


3-7744449 
5950 3.7745170.' 5985 


5976 
5977 
5978 


5979 
5980 


3.7764106 
3-7764833 
3-7765559 
3+-7769286 
3.7767012 


5981 
5982 
5983 


5984 


3-77 66738 
3-7768464 
3.7769190 
3.7769916 
3+7 770642 


6006 
6007 
6008 
600g 
6010 
6011 
6012 
6013 
6014 
6015 


6016 
6017 
6018 
6019 
602C 


247782236 
3-7782960 
3-7783683 
3-77 84407 
3+7785130 
13-7755 853 
3-7786576 
37707299 
3-7788022 


3.7788745 


$+77 89467 
$+77 90190 
$*779C9 12 
3.7791634 


3$.7792356 


3.7793078 
1.7793 800 
3+7794522 
37795243 


| 


| 


3.7795965 


| 


oa613-78 


6050 


Num| Logaritbrs. | 
6021,3.,7796686 
602213,7797498 
602 313.7798129 
024\3.7798350 
602513-779957! 
6026|3.7800291 
6027|3-7801012 
6028|3.7801732 
6029/3-7802453 
6030 3.7803173 | 6 
6031 3.7803893 
6032/3. 7804613 
6033|3.7805333 
69343: 7806053 


(6035 3-7806773 
| ES :7807492 


6037 3.7808212 
6038 3.7808931 
6039 3-7809650 
6040 3.7B10369 
6041 3.7811088 
bor 3.7811807 
6043|3-7812526 
0944/3-7813245 

945/3-7813963 
Jo .7814681 
3.7815400 
3,7816118 
3.72$16836 
37817554 | 6285 
3.7$18272 
3-7818989 
6053|3.7819707 
6054)3-7$20424 


60473 
6048 
6049 


6OFn 
6052 


6055'3-7821141 


| 6090.3-7846173 


Num| Log arithw, 


| Num, Log arithm. 


6056 3-7831859 
S057 3-7822576 
69583.7823293 
60593.7824010 
6060 3.7824726 


6061/3 3-7325443 
6062/3. 7826159 


6063|3.7826876 
60643. 7827592 
6065'3-7828308 
6066/3.7829024 
6067/3-7829740 
6068/3.78304565 
6069/3,7831171 
6070/3.7831887| 
6071/3,7832602 
607213,7833318 
6073/3-7834033 
6074/3.7834748 
6075137835463 
6076 3.7836178 


6077 3.7836892 


6078 3.7837607 | 


6079 3.7838321 


6080 3, 3.7839936, _—_—— Gt15 


6091 
6092 
6093 
6094 
6095 
6096 
62597 
609 

60g 

6100 


6101 
6102 
6103 
6104 
G105 


3.7 846886 
3-7 847599 
3-7848312 
3-7 849024 


609513+7849737 


3-7850450 
3-7851162 
3-785 1874 
3.7852586 


3.7853298 


Num] Logariim, 
6126 EO *787177c 
6127 3-7372475 
6128/3 7873108 
6129 .3.7873$ 
61303 3.7 $744 
| erg 
6131.3, 787531 
61323-78760 
6133) 3+7 $7673e 
6134 3-787743 
G135| (3-7878146 


3-7854010 


3-7854722 
3-7855434 
3.7856145 
3.7856857 


6136 3-7878853 
61373 787956 
6138, 3,788 


6139,3-7880976 


6140 378816 


6106 
6107 


6108 
6109 
6110 


6111 
6112 
G11} 
6114 


6081 3. 3.7839750. G1 16 
6082/3. 7840464 | 6117 3+ 7865385 
6083/3 7841178 61 18 3.7866095 


6084 


6086/3. 37847319 
6087|3-7844933 
6088] 2.7844746 
6089(3.7845460 


6121/3 3-7868224 F561 3-78929 

6122/3.7868933 | 6157|3-7893691 
6123/3,7869643 6158/3- «7894397 
61243.7879352 |6159/3-7 89510 
61253.7871061 | 6160) 


3-7857568 
3-7858279 
3.7858990 
3-7859701 
3.7860412 
3-7861124 
3.7861833 
3-7862544 
3-7863254 
3-7863965 


3.7864675 


FF 7 $92 (61 I93. 7866805 


ES 


6141|3-788235 

6142 3-78830g 
6143|3-7883$c 
6144/3- 7884511 | 
6145 (3+7 885215 
6146 3.785926 
6147/3-7 88663 

6148 3.78 8733s 
6149 3.78 88045 
6150/3-7888751 
6151/3. 3-78894 

6152, 2.7890163 
 6153|3.78g086 

6154, 3-7891575] 
Gr55)3 3.7892281 


34-7895 807 


NumſLogarichm. 
$161,3.7896513 
3.7897217 
3-7897922 
1+-7898626 


Num] Logarithm, | 


6196 3. 7961329 


6198! 


6199 
6200 


3-7922516 
3.7923216 
3+7923917 


$169/3.7902 148 
6170, 3+ 7902852 | 
6171|3-7903555 7 
7213.7904259 
73|3-7904963 
3.7 905666 
3-7906370 
61.7907073 
3.7907 776. 
3.7 998479 


813. 7910587 
184 3.7912695 
185 3.791357 

$186 3-79 «7914099 
6188 3.7915503 

618g 3.7916205 
190, 3.7916906- 
192 3.7918309 
193 3-791gort 

6194 3-79197 12. 


fa: 7911290 
1$3/2.7911992 
= 

6:4. 7914801, 
b191'3-7917608 
NI95 RI9NGT. 


6201 
6202 
6203 
6204 
6205 


6206 
6207 
6208 
6209 
6210 


OO ———— 


6211 
6212 
6213 
6214 
6215 


6216 
6217 


3.7924617 
3.7925318 
3.7926018 
3.7926718 
37927418 
3.-7928118 
3-7928817 
3+7929517 
3.7930217 
3.7939916 


3-7931615 
37932314 
3-7933014 
3-7933712 
3+29344"] 
3.7935110 
3-7935809 
13.7936507- 
62193.7937206 
6220}. 7937904 
6221, (3+ 7938602 
6222 3.79393 00\ 
6223 3.7939998 
6224 3.7949696 
6225/3.7941394 
6226 3-794 +7942O91 
6227;3.7942789 


62 28 3.7943486 
6229 3.79441$3 


| 6230,3:7944880 | 


| 


Num| 


Log arithm, 


rx 
6233 
6233 


6234 
6235 


3-7945578 
347946374 
3-7 946971 
$+7947668 
3.7948365 


6236/3.7949061 


6237 
6238 
6239 
6240 
6241 
6242 
6243 
6244 
6245 
6246 
6247 
6248 
6249 
6250 
G251 
6252 
6253 
6254 
6255 
6256 
6257 
6258 


6259 
6260 


— — 


6261 
6262 
6263 
ph, 


147949757 
3.7950454 
3-795 1150 
3.7951846 
3:7952542 
3+7953238 
3-7953933 
37954629 
3.7955324 
3.795 6020 
347956715 
3+7957410 
3.7958105 
3.795 8800 


3+7959495 
7.7960190 
2,79608 84 
3.7991579 
247962273 
3.7962967 


3.7964356 
3+-7g65050 
3-7965743 
+7 966437 
3+7967131 
3.7967 824 
3.79685+7 


6265| 


3.796 9214 


Num) Logarichm., 


6266[3.7969904 
_ 3-7970597 


6268 
6269 
627c| 


62711? 


0272 
627: 
6274 
6275 
6276 
6277 
627 


6279 
6280 


| 


7.797129 
3-7971983 
3-7972675 
+797 3368 
3+7 974060 
17974753 
3-7975445 
3-7976137 
3$+-7$76829 
$+7977521; 
3-797821 3] 
3-797 8905 


6281 
6282 
6283 
6284 
6285 
6286 
6287 
62+ 8 
6289 
6290 


3-7979596 
Jo 7980288 
3-798c979| 
3-7981671 
3.7982 362 
2:798305 3] 
3-79d3744| 
3798443 5| 
}-7985125 
3-7985 816 
3.7986506 


6291 


(3-7987197 


3-7963662 


62923-7987 887 
6293|3.7988577 
62943.7989367 
6295/3-7989957 


62963. 7990*47 
6297|3-7991337 
6398 3+ 7990008 
6299 3-799 7716 
630037993405, 1 


|Num|Logarithm, 
GO fL7994095 
630214.7994784 
6303[3-7995473 
6304 3+-7996162 
630513.7996851 


6306 3-7997540 
630713.7998228 
6308[3-7998917 
6309(3.7999605 


CE IEC 


6310]3-$000294 


16311|3.8000983 
63121j3.8001670 
6313|3-8003358 
631413-8003046 
(5315]3:8001734 
531613.8004421 
6317]3-8005109 
6318]3-8005796 
6319]3.8006484 


6320 3.8007171 
6321 3.8007858 
6322]3-8008545 
6323|3-8009232 
15324]3-8009919 
622513.801060F 
6326|3.8011292 
632713.8011978 
$328|3-8012665 
6232913.8013351 
6330/3. 8014037 
þrrioreie 
- 1633 213-8015409 
(6333]3- 8016095 
(6334/3. 8016781 | 
1633513,8017456 


 Num|Logerithm, 
633 
\6337|3-8018837 
'6338|3.8019523 
633913-8020208 6 
6375/3: 8044802 


2o80Ig152 


63403. 8020893 


Num! Num! Logarithm, 


637113, 8042076 


6373/3: +$042758 
9373) 3. 8043439 
374 3- 8044121 


6341]3- 8021578; 6376/3.8045483 
6342|3.8022262 63773. 8046164 
6343|3-8022947 (£3783. 8046845 

6379/3-8047526 
6345|3- 3:8024316 | 6380/3, 3.8048207 


6344|3-8023632 


6346 3+ a 


6347|3-8025685 
6348|3.8026369 
6349(|3-8027053 
6350/3. 3-8027737 
6351 3. 8028421 
6352|3.802g1og 
0353 3.8029789 

0354 3-8030472 


6355 Jo 3-8031156 
6356 
6357 
6358 
6359 
6360 
6261 
6362 
6363 
6364 


3.8032522 | 


3-8033888 
3.8034571 
3.8035254 


3-8035937 
3-$036619 


3. 8037302 
6365/3-8037984 
6366/3, 8038666 


3-8031839| 
3.802320 
33205 p 


6367,3.8039348 
6368\3,8040031 
6369|3.8040712 
_ 6370(3-8041394 


6381. 
6382 
6383 


6384 


6385; 
6386 
6387 
6388 

0389 

6390 


[7.8048887 
3,8049568 
3-8050248 
3.8050929 
3:805160g 
3-8052289 
3,8052969 
3.805 3649 
3, 8054329 
3.8055009 


6391 
6392 


394 
0395 
6396 
6397 
6398| 
6399 
6400 
6401 
6402 
6403 
6404 
6405 


[3+ 8055688 
3. 8056368 


38057726 
3-8058405 
2.8059085 
3.8059763 
3. $060442 
(3.8061121 
3. 8061809 


3.9062478 
3+-8063157 
3.8063835 
3-8064513 
3-8065191 


Num| Log arithns, 


6406, 
6407 
6408' 
6499 

6410 
6411/7.80 

ON 

e413 

5414) 

6415| 
6416 
6417 
6418 
6419 
6420 
6421 
6422 
6427 
6424 
6425 
6426 
6427 
6428 
6429) 
6430 


3+8065869 

3. 8066545 
CO .8067 2 25 
3.8067903 


3+ 3-8068580 


(3+ 8069258 
3. 8069935 
13+ 8070612 
FO akdeg. - 


3s 38073643 
3.8073320 
3. 8073997 
3.8074574 
3, 3.8075350 
3. $076027 
3 8076703 
3-8077379 
3.8078055 
Z+ 3-8078731 
3.8079407 
3. 8080083 
3.8080759 
3. 808143 

3.8082110 


6431) 
6432 
6433 
6434 
6435] 
— | — 
6436 
6437 
6438 
6439 
6440 


3+ 808278; 
3-8083460 
3+$0841 36 
3.8084811 
3-8085485 
3. 8086160 
3.8086835 
3.8087510 
3-$088184 


3-8088859 


| 


4 


—, 


———_— NV 5 DS @ 


Num] Logarit hw. 
3, 80895 33 
3.8090207 
3.8090881 
{8091555 
3.8092229 


3-809290J 
3+8093577 
3.8094250 
3,38094924 
3-8095 597 
13-8096270 
3.8096944 
3.8097617 
3. 8098290 
}.8098962 


1.8099635 
3.8100308 
3,.8100980 
3-8101653 
0400/3,8102325 


3-$102997 
3-8103670 
6463|3.8104342 
6464 3.810501 7 
6465/3.8105685 
(6466 3. $106357 
00671 8107029 

468 3.8107700 
6469 3.8108371 
6470 3.8109043 
6471 3-8109714 
6472 3.8c10385 


6473 3.8111056 


6474 38111727 
(6475 3-$112398 


Num|Logarithy, 
6476 3. .$113068 
6477/3-8113739 
6478|3.8114409 
6479 3:8115080 
6480 Zo 2-B115750 
6481|3.81; $116420 
6482'3.:8117090 
3. 8117760 
3.8118430 
2,81 19100 


Num| Log ar:ithm, Nuin| Logarethms| 


6511 
6512 
6513 
6514] 
6515 
6516 
6517 
6518 
6519 
6520 


3.8119769 
3-8120439 
3-$121108 
3.8121778 
0490|3.,8122447 
3.8123116 
3.8123785 
3.9124454 
3-$125123 
3.-8125792 
3.8126460 
3.8127129 
3.8127797 
3.8128465 
'2. 8129134 
6501 2.81 29802 
6502/3,8130470 
6503|3.8131138 
6504 3,813 1805 
6505/3.$132473 
6506/3 $133141 
6507/31 33808 
650813 


6509/3.8135143 
\6510)3,8135810 


8134475 | 
; 6544 


6521 
6522 
6527 
6524 
6525 


13-8136477 | 
3.8137144 | 6447 


3-$137811 
3.31 39144 
?, $1 39811 


3-8140477 | 6452 
atya4 yd 
3.8141810 | 6 


3.8142476 
3.8143142 
3+-$143808 
3-8144474 
3.8145140 
3.8145805 


, 6446 


6448 
6449 
6450 


6451 


454 
6455 


6456 


3-81597 60, 
3. 8160423 
2, 8161087 
3-8161750/ 
3-£162413; 
J+ -$163076 
3-8162739 
2. 8164402 
3-$165064 
3-$165726, 
3-8166389 


6457|\3:8167052 
6458|3:8167714 
6459/3-8168376 
6460/3. 8159038 


6526 
6527 
G5 28 
6529 
6530 
6521 
6533 


65331?. 


£534 

6535 
6536 
6523713 
6538 
6539 
6540 
6541 
6542 


3.8146471 
3.8147136 
3-8147801 
3.8148467 
2.8149132 
3-8149797 
3.8150462 
8151127 
38151791 
28152456 


$; $153120 
3-8153785 
3.8154449 
3-8155113 
3.$155777 


3-0156441 


3.8157105 


6543|3.8157769 


3.3158432 


6545'3.8159096 


6461/3.8 169700) 


6462 


6463; 


6464 
6465 
6466 
6467 
6458 
6469 
6476 
6471 
6472; 


64733 


6474 
6475 


6476, 
6477 
6478 
6479 


6480 


13.8170362| 
13.8171024: 
3.8171686) 
2-817 2247] 
3-8173009 
3+$173670©) 
3-$174331 
3-817499: 
2.8175654 


— 


13-8196315 


3.8178958 


[3+ 8176976! 
«8177636, 
3.817 8297 


3, 38179618 
12. 8180276 
3.8180939 
3-818159$ 
3.8182259! 


jNum|Log avithns 
6581|3.8182919 
65832]3.$183579 
6583 
6584 
6585 
6586 
6587 
16588 
6589 
6590 


16591 
6592 
6593 
6594 
5595 


3-8184898 
38185558 
3.8186217 
3.8186877 
3-8187536 
38188195 
3-8188854 
3.8189513 
3.8190173 
3-$190831 
3-8191489 
3-$192148 


3.8184239 


Num |L ogarichw. 


6616 
6617 
6618 
6619 
6620 
6621 
6622 


3+8205955 
3-$206611 


© << 


3+-8207924 
3.8208580 
3-8209236 
3-8209892 


6623 
6624 
6625 
6626 
6627 


3-8210548 
3-821 1203 
;-8311859 


3-8212514 
3-8213170 


[6652 
3.8207268 | 6653 
| 66543. 8230828 | 668 


6628 
6629 
6630 


3.8213825 
3-8214480 
3-8215135 


16596 
6597 
6598 
6599 
6600 
6601 
6602 
B603 
6604 
6605 
6606 
6607 

608! 
660g 
6610 
G611 
(6612 
$613 
6614 


3.8192 $06 
3-$193465 
3-8194123 | 
3.8194781 
3-8195439 
3.8196097 
3-8$196755 
3-$197413 
3-8198071 
3.8198728 
3.8199386 
3. 8200043 
3-$200700 
2.8201358 
1.8202015 


38202672 
3-8203328 
3-8203985 


| 6639 


6631 
6632 
6633 
6634 


3-8215790 
3.8216445 
3.$217100 


3-8217755 


6635 
6636 
6637 
6638) 


2-8218409 
3-82 19064 | 
3.8219718] 
38220372 | 
3-8221027 
3.8221681 


3.8222335 
3-8222989 
3-$223643 
3.8224296 
3.8224950 
6646|3.8225603 
6647|3.8226257 
6648|3,8226910 
6649] 3-$227563 


6640 
6641 
66 42 
6643 
6644 
6645 


3-$204642 


661 5'3.8205298 


66501[23.8228216 


— >. —_ 

6651;3+-8228869g 
3,8229522 
3-8230175 


6655|3-$231481 | 66 


6656|3-$232133 
6657 
6658,3-8233438 


6659/3-823 4090 


6660 3.8234742 


6661,3+-8235394 
6662/3.8236046 
6663 3-8236698 
6664 3-8237350 
6665 3-8238002 
6666 3-8238653 
6667 3.8239305 
6668 3.8239956 
6669 3. 8240607 
6670 38241258 
6671|3-8241909 
6672/3-8242560 
6673/3+8243211 
6674 3-8243862 
6675/3-8244513 
6676/3-8245163 
6677 3.8245 814 
6678 3.8246464 
6679,3.8247114 
6680 3. 8247765 
6681,3.8248415 
6682/3.8249065 
6683/3.8249715 
6684/3.8250364 
6685'3.8251014 


3. 8232786 | 66 


6711 


6713 
671 
6715 
6716 


6717 
6718 


6719 


(3-8267872 
6712) 


[}+$269166 


3.8264635 


3. 8265283 
3.8265932| 


3.826657 
[3.826722 


3-826851 


3-8370460} 
38271107 


3o8271753 
3.8272400} 


6720 


en 
3-8273693 


— 


—c——— rr... bd 


Cl 


727 
22 
33 
6724 
6725 
736 
6727 
$728 
$726 
9730 


6731 


3-$274339 
3-8274985 
3-8275631 
3+8276277 
3.8276923 
3.8277569 
3.$278214 
3.8278860 
3-$279505 
oj3-3280151 I 


}» 1-8280796 


Logarithm, 


$733|3-8281441 


9733 


3.32 $2086 


673413-8282731 


9735 
97 3c 


3-823 3-$233376 


13+ 38284022: 


6737 3- 8284665 
67383-$285310 
$73913-8285955 


97 46 
6741 


3-8286599 


3-52 $7243 
-$287887 


6743 3-8288532 


674513: 
6746 
6747 
e160 
2749 
6750]! 


28289176 
3-8289820 


3-8290463 
3-8291107 
3-8291751 
3.$292394 

$29? 1038 


6751 
6752 
"is 
T5 

755 


3. 2293681 
3-$294324 

3-8294967 
3-$295611 
3-$296254 


E 


Num] Logariebm. | 


NumjLo garithm. 


Num| Logarichm 1 


6756. 3-$8296896 
6757 3-3297539 
6758 3.8298182 
6759 3-8298824 
6760 3.8399467 
6761,3.8300109 
6762 3.8300752 
6763 38301394 
6764 3.8302036 
6765,3-$202678 
6766, 3. 3-8$303320 
6767 38303952 
6768 3. 8304603 
6769 3-3305245 
67703 j-8305887 
6771 7- 1 8306528 
6772 3-8307169 
6773 3.8307811 
6774 3.$308452 
6775 3:3$3090993 
6776 3-8309734 
6777|3-8310375 
67783: +8311016 
6779,3-8311656 
67803-831 $312297 
6781/3. 3.8312937 
6782/3- 8313578 
6783/3. 8314218 
6784 38314858 
6785|3-$315499 
6786 3.8316139 
6787-3.8316778 
6788 3.8317418 
6789/3. .$318058 
6790/3. 8318698 


6791 
6792 
| 6793 
6794 
6795 
6796 
6797 
6798 
6799, 
6800! 
7861 
6802 
6803 
680 
6805 


3-3319337 
3-8319977 
3.8320616 
3.83231255 
3-83218g5 


3.8322534 


3.8323173 
3-3323812 
3-8324450 
3-83250$8g 


3-8325728 
3.8326366 


6826 
6827 
6828 
6829 
6830 


6831 


6832 
6833 
6834 
6835 
6336 
6837 


3.$341663 
3- 8342299 
3-8342935} 
3-$34357" 
33344307 
3-8344843 
3-$345479 
3-8346114 
3.$8346750 
3. 8347385 
{. 7.8348027 
3.8348656 


3.8327005 | 6838 
3-$327643 | $8393 


3-8349391 
8349926 


3-8328281 


6805 
6807 
6808 
6809 


3-$330195 
3e83308$33 


3- 8328919 
3-8329558 


68403: 8350561} 
6841 3-8351196 
6842 3-$351831 
6843|3-$352465 
6544.3- 8353100 


FIT 


6810 


6811 
6812 


3333147 
3.8332109 
3-8332746 
6813/3-$333384 
6814/3-$334021 
681 513-$334659 
6816 3-$335295 
6817\3.8335933 
68$18,3.8336570 
6819|3.8337207 
6820 3.8337844 
6821 '3+-$338480 
6822 3. 8339117 
6823 3.8339754 


6845138353735 
6846 3-8354369 
68473 8355003 

3.8355638 
6849 3-83 56272 
685013 $3 56906 
685 1/3-$357540 
6852 3.8358174 
6853 3-$358807 
68543-$35944) 
6855 3. $36007F 
3. 8360708 
6857]: 


6848 


6856 


6858 


2.836197 5] 


+$361341 


| 


6859 


yon. 3-8340390 
6825 2-$241027; 


E860 


3. 8362608 
3.8363241] 


Kk & & 


6861 
6862 
6863 
6864 
6865 
866 
6867 
6868 


5:8369567 6905 
3-8370199, 6906 


413-83 72095 | 6909 


[3-8373359, 6971 


4 3-8375253 | 
[3-8375884 6915 


13-8377778 


3.8363 874 6396 
3- 8364507 , 6897 
38365140, 6898 
3-8365773, 6899 
3.8366405 6900 


3-8367670 | 6902 
3-8368303 6903 
3-8368935 | 6904 


[Nam | L og rithm. | Num! Eoparnhm? 


3.83385973 
3.$386603 
3, $387232 
3. $3 87861 
3:8398491 


3-8367038. 690i j3.8389120 
3.8389750' 


3-8390379 
3.$8391008 
38391637 


% 


693T 


69422; 


6933 


693413« 
693513.8416 


6936 
6937 
6938 
6939 
69460 


i-83708z32 6907 
3.8371463 | 6908, 


3-$372727 | 6910 


3.8392266 
3. 8392895 
3-8393523 
3-63941532 
3-8394780 


38373990 6912 
3.8374622 | 6913 
|6914 


3-8395409 


- 


6941 
694? 
6943 
6944 
6945 
69 


8411091 
3.8411717 
3-3412343 
3.8412969 
3:2413595 
3.8414220 
3.9q14846 
338415472 
3-84160g7 


3-8417973 
3-8418598| 
3.8419223 


3+8376516. 6916 
3.8377147 rt 

691 
6919 
6920 


3-3 378409 
3.8 379039 


3.8382822 


6921 
6922 
6927 
6924 
6925 


6926 


3.8379670 
3-8380301 
3-8350931 
3.8381562 
3.$382192 


3+8399806 


3-$400433 
3.-8401061 


3-8461684 


3.940271 

3.8492943 
3.8403571 
3. 8404198 


3-8404875 


6927 


3-8333453| 
6928 


33384083 
3-8384713 


{8495452 


3.84096079 
3.8406706 


0929] 


3-$3$5343 693 


| 
| 


| 


6953 
6954, 
6955 
6956 
6957 
6958 
6959 
6960, 
6961 
6962/ 


3.$426092 


3-8420473 
3.842 1098 
3-8421722 
3-38422347 
3.8422971 
3.8423596 
3:8424220 
3-$424844 
3.8425468 


3.$426716 
3-$427340 


6963 |3-$427964 


6964 


3-8416722 8 

46138417348 
3.8396037 | 6947 
3.8396666 | 6948 
[3.8397294 | 6949 
3-$397922 | 6950 
3-8398550 | 6951 
38399178; 6952 


3.8419848 


dpothed 


- Num|Logarithm, | Num| Log arirhns, 


6977 
6972 
697 
697 


697513- 


3.84491 rg 
3.844973 


rep Fe: 3,2429211 


TT"? Fu wWL £1 au, a *wG 


Fg | 


— Ts 


ug dg. we o@Rcoccccc-_y=A U a ec T_T CO CO ee T_OL 
_— — 
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m| Logarithas. 


oo 
7002 
7003 
7004 
1005 


3.$451601 
3.8452221 
3.8452841 
3-845 3461 
3.-$454081 


Num| Log ar «hw. 


703613» 


7937 
7938 
7039 


7040| 


3-8473876 
3+8474493 
3-847 5110 
38475727 


"pay * 


{7000 


17007 


7008 


1009 
7010; 


3.8454701 
38455321 
38455941 
3.8456561 
1-8457180 


7041 
7042 
7943 
7044 
7045 


md 


7011 
7012 
7Or3 
7014 
7o15 


$+8457800 
3-8458419 
3:8459038 
3.8459658 
3-8460277 


7016 
7017 
7018 
Jorg 


[7229/ 


7021 
7022 


| h9:3 


7024 
7025 
7026 
1027 
7028 


3. 8460896 
3. 8461515 
3+8462134 
3. 8462752 
3+8463371 
3-8463990 
8464608 
3-8465227 
3.8465845 
3-8466463 
3:8467081 
3-8467700 
3.8468318 


029,3.8468935 
7030! 


1.8469553 


1033 


7934 


7935 


7037, 


7. 8470171 
3.8470789 
38471406 | 7 
Js 8472024 
3.8472641 


7069, 


3-9476343 
3-38476960 
3.8477577 
3.8478193 
3.8478810 


p. 847 9436 


3. 8480659 
3.5 481275 


3-8481891 


3.8482507 
3.8483123 


2|2.8483739 


3-8484355 


3. 8484970 


2:84355 86 
4 8486201 
3-8486817 
3-84 87472 
3-848 30987 
3. 8488662 
3-8489277 
3. 8489292 
3.8490507 
3-8491122 
3-8491736 
3+8492351 


3.8492965 
3.8493580 


7086 


Numi|Log4rithw arithmw. 


7071 3+8494808 
70723-3849 5423 
7073138496037 
7074(3-$496651 
797 $3-$497264 


7076|3.8497878 


7077|3-8498492 
7078|3-8499106 
7079 3-8499719 
7980.3-8500333 
708113.8500946 
7082|3.8501559 
7083(3.8502172 
7084.3-8502786 
708513-8503399 


Ce er renee 


Num! 


Logarithm. | 


7105) 


7107, 


7108 


7109 
7110 


7111 
7112 
7113 
a4 
hd | 


3.85 10252/ 
3-851686 
3.851747 
3.$518085' 
?.$51 8696 


'3.85 19307 


3.8519977 
2.8520528 
3.8521139 
12.8521749 


7116 
7117 
7118 
711g 
7120 


3-8504011 
7087/3.8504624 
7088/3.8505237 
7089/3.8505850 
7090. 3: 3.8506462 


7091, 3. 38507075 
7092 3.8507687 
7093. 3+ »8508300 
7094 3-8508912 
7095 3-8509524 


7121 
7122 
7123 
7124 
712513-v5 
7126(3-85 
7127 
7128 
7129 
7130! 


7096| 3. J:85T0136 
7097 3-8510748 
7098 3.8511360 
7099 3+8511972 
7100,3.8512583 


+7101 3+8513195 


7102 3,8513807 
7103 3,8514418 


-7137 


7104 3-8515030 


7131 
7132 
7133 
7134 
7235 


7136 


7138 
7139, 


38522359 
3.8522970 
2.8523580 
3.8524190 
3-85 24800 


2. 8525410 


+85 26020 
Jo8526629 
30337239 
3. 8527849 
3-8528458 

3.85 29068 
3.8529677 
[3.85 30286 
3-8530895 


3-8531504 


3.8532113 


Js 8532722 
3.8533331 


3.8533940 


3-8534548 
3+8535157 
3-8535765 
J, 0536374 


7070 3: .$494194 | 7105 2.8515641 71403. $5 36982 


Kkkka 


(7141 
7142 
1143 
7144 
1245 
7.146 
7147 
7148 
7149 
7150 
751) 
7152 
7153 
7154 
(7155 
7156 
7157 
7158 
7159 
7160 
7161 
[7162 
+7163 
[7164 
7165 
7166 
7167 
7168 


3169 


Num]Logarithns. 
3+8537590- 
3-85 38198 
3.85 38806 
3-8539414 


3.$5 40022 
3-8540630 
3-8541238 
3-8541845 
3-$542453 
}+8543060 


| w— 


3-8543668 
3-8544275 
3.2544882 
3-545 489 
OLI 
3-8546703 
3.8547310 
3.8547917 
3-3548524 
3-8549130 
$-8549737 
3-8550343 
3.8550949 
z3-S55r556 
3.8552162 


3.8552768 
3-8553374 


j3-8553980 
3.8554586 
71 70/3-8555192 


Ti7l3-B8555797 
717 13.8556403 
7177|3.8557008 

174 3-85 57614 


__———_ 


Num| 


7176 
7177, 
7178 
7179 
7180 
7181 
7182 
7183 
7184 
7185 
7186 
7187 
718% 
7189 
'7190 


Logarithm. 
3.855883 24 
3-8559429 
3. 8560035 
3.8560640 
3-8561 244 
3-8561849 
3.8562454 
z3.8563059 
3. 8563663 
7, 8564268, 
j.8564872 
3.8565476 
z-85 66081 
3.8 566685 
3-8567229 


7191 
7192 
7193 
7194 
7295 
7.196 
7197 
719e 
7199 
7200 
7201 
7202 
7203 
7204 
7205 


7206 


7307 
7208 


3-$567893 
3.85 68497 
3}. 8569101 
3, 8569704 
3.8570308 
+85 70912 


38571515 
to8572118 : 
38572722 
3573325 
3-$573928 
3. 8574531 
3.8575134 
3.8575737 | 
3. 8576340 


3.8576943 
3+8577545 
3.8578148 


| nga 
7210 


3-8578750 
3-8579353 


Num Log arithes, Num] Lo arithes [ 


7211 
7212 
7213 
7214 
7215 
7216 
7217 


ore 
9 


O' 


721 
722 
7221) 
7222 


7223 


7224 
7225 


7226 
1227, 


7228 
7229 
713O 
7231 
7233, 


7233, 


7236 
7237 
7238 
7339 
7240 
7241 
7242 
7243 
7244 
7245 


3e8 584770 
32585372 
3-85£5973 
3.8586575 
3-858$7176 
3-8587777 
3-8588379 
3-85 88980 
3-85 89581 
3-8590181 
3.859078$2 
3-8591383 
3. 8591984 
3-$592584 
3-8593185 


72343-85937 85 ; 
\ 72335\3.8594385 


3-8594986 
3.$595586 
3-8596126 


3.8596786 


2,8597386 


3.8597985 
3-8598585 
3-8599185 
3.85997 84 
2, $600384 


3-8579955 7246 3+8600g83 
3-8580557 7247 3-8601583 
3.8581159 7248 3.860218} 
3-8581761 7249 3.860278} 
3-8c$2363 |7250 3-860380] 
3-8582965 | 7251/3.860397 

3-8583567 | 7252/3,8604578 
3-8584169 | 7253.3.8605177 
3-8605776 
7.605374 


7256 
7257,3.8607571 
7258, 


7259 


| 7254 
7255 


7260 
7261 
7262 
7263 
7264 
7265 
7266 
7267 
7268 
7269 
7370, 
7271 
7272 
7273 
7274 
7275, 
7276 
7277 
7278 


3-8606977 


3, 860817 


3,8608768| 


3.86093 66 
J. 86 0996 
3-8610562 
3-861116 
3.861175 
3-$61235 
3.861295 
3-8613552 


3. 8614747 


3.$615344 


3.8615941 
3-861653 
?-$61713 
3.8617733 
3+$61833 
38618927 
3.861952 
3.862012 


7279 
7280 


2+-8620717 
3-8621214 


17513-8558219| 


3.8614149] 


>2 > WW ww II I JVI ITITI_—— I — 


Num Logaritim. Num| Logarithms, 


Num| Log arithm. | Num' Logarithm, 


fa81/3. eatgTs 7316 3-8642737 
7317 3-$643331 
7318 3.8643924 
73 19 3-$644517 
7320 3.8645111 


7321 38645704 
7322 3.8646297 
7323, 3-8646$90 
3:8626679| 324 38647485 
1290/3 $627275 | 7325 3 3-8648076 
| 7326 3. 3.8648569 
7327 38649262 
7328 3-8649855 
7329 3-"550447 
73203? -8651040 
73313. $65 1632 
7332 3-8652225 
72983. 633039 | 7333 3.8652817 
3.8632634 | 7334 78653409 
3+ 8633229 | | 7335 3-8654co1n 
38633873 | 7736 38654593 
'.$634413| 7337. 3-865 5185 
3-863501} [7338 3- 
3.8635608| 7339: 
305/3-86 = [7349 3-865 8656961 737. 


77 41/3.8657552 
| 7342'3-86581 44 
73 08/3. 8637985 | 7343 [3.8658735 
'7344/3-$8559327 

:-$639174 7345, J+ 8659918 | 7380/3. 3. 8680564 | 7415/3: 3.®701112 


3-$665827 | 7390|7.868644 


1292/3 28628467 
7293 3.8629062 | 
7294/3.8629658| 
7295 3-8630253 
7296 3. 3.8630848 
729713. 8631443 


7382|3,8681740 
7383 3.8682329 
1384 3-8682917 
7385 t+ DALE 


3-8663464 738613, .$684097 
3-8664055 | 7387, 3-3684681 
113.8664646 | 7388|3-$68526 
3.8665236| 7389|3-868585 


38666417 | 7391/3-868703 2) 
3.8667008| 7392/3+ $687620 
Jo 8667598. 7393|3-8688297 
3-8668188| 7394/3.$68 8794 
136013. 8668778, 7399/2: 8689382 


3. $669368, 7396|:.8689g6g 
3.8669958| 73973-86905 56 
3. 8670547 | 73983-8691143 
3-2671138| 7399 3-8691730 
z. 3.8671728| 74003-86 8692317 
J- 3-8672317 7401/3» $692904 
3+8672907 | 7402, 3. 8693491 
3.867 3496 | 7493|3-8694077 
1. 8674086 | 7404,3-8694664 
70|3.8674675 | 7495|3-8695251 
3 38675264 7405? 2. .2695 837 
213.8675852 | 7407,3-369642 } 
34-8676442 | 7408/3. 8697010} 
3-8677031| 74093-3697 596 
3-3677620 74103-86 3698182 
3-$678209 7411 3+ 8698768 

3. 8678798 | 7412/3-$699354 
38679387 7413|3-3699940 
13-867997 5 | 74143 8700526 


7417/3-8702283 
741 82. . 8702868 
7419/3.8703454 
74203.87c4039 


7381|3.86 +8681 Rel 7416/3- 8701697 


K 3 


En en ITE ns ARS 


> 


| Num]L ogarithm, 


— ———— — —————_— - 


7421 3,8704624 
3-8795209 
3+8795795 
3-83 06380 

3-8705965 


- CE —— 


3-3707549 
3-870S134 
3-8708719 
3-8709304 

3.8709888 
3-5710473 
$+87 11057 
(3.871164) 
3-8712226 
4-S712810 
3-$713394 
713-8713 978 
3.871456? 
3-8715146 
o[3871 5729 
3+3716213 
3.8716897 
38717420 
3-3718064 

3.87 18647 
3.8719230 
3-8719$14 
3-8720397 


38722146 
3.8722728 
7453|3-8723311 
7454 3-8723894 
7455 3:872447% |74 


| 
| 


Num | Logarithm, 


7456 
1457 
7458 
7459 
7460 
7461 
7462 
7403 
7464 
7465 
7466 
7467 
7468 
7469 
7470 
747 
7472 
7473 
1474 
7475 


747e}} 
7477 
747* 
7479 
7480 


7481]; 
7482 
7493 


3.8720980 | 74843 
3-8721563 | 7485[3. 3-8741918 

(7486, 3:974 8742495 

748713: e$743078| 

7488|3.8743655 

74913 

|749013- 


Num|Logarithy, Num| Logarinim, 


3.8725059 
3-8725641 
3, 8726224 
3.87 26806 
3-8727388 
3-$727970 
3.8728552 
3-8729134 
3+87297 16 
3.8730298 


— 0 — —— — 


1.8730880 
3.3731461 


3-3732043 | 
38732625 
3-8733206 | 


[7594 


7491 
7492 
7493 
7494 
7495 


3-8745398 | 7526 


3-8745978 
3-8746557 


3.8747716 | 


3+8747137 | 7529 


7527 
| 7528 


3-8765642 


7530 


7496 
7497 
7498 


7500 


7501 
7502 
7503] 


7505! 


3.8748296 
3.8748875 


Z+ 3-8750513 | 
3.8751192 
3.8751771 
3-8752349 
3-8752928 
3-87 53507 


3-3733788 | | 7506,3.8 87 54086 
348734369 | 7507|3-8754664 
$.8734950 | 7508,3-8755243 


7.873531 
3.8735112, 


3-8736693 | 7511/3. 2756978 | 7546,3;8777168 


7 509 


75103, 8756399 | 1545|3-87; 8776592 


13.8755821 


3.8737274,.7512,3.8757556 


108737855} 
3+-8738435 


7513 
7514; 


3-8758134 
3-87 58712 


3-87 39016 \7515/3.8759290 


8739597 
3.8749177 | 


7516 
7517 


1. 2759868 
3.8760445 


3. 8740757 | 7518'3.8761023 


8741338 


3-07442 35 


8744818 


75192 


8761601 


7529 


7522) 
7533} 
7524| 
7525 


3.3765065 


.3.8762178 
75 21/3.8762756 


3+8763333 
3-8763911 
2. 8764498 


(7532/3 
J- 8749454 | 7533/3, 8769680 
7499|3-8750034 | 7534'3-8770256 


32772833 


| 


| 


758! 


7535 


7536 
7537 
7538 
7539 
97 
7541 

7542 
7543 

7544 


7547, 
7548, 
1549] 
7550 
7551 
7552 
7553, 
7554 
7555 
7556 


7557 
7558 


755938784643 


7560 2.8785218 


* 


38773713 


3. 8779469, 


3.8766219 
3-87667g6 
3-767 371 
3-8767950 
3-$768526 
»876910z 


3-8771409 
3.8771985 
3.8772561 
38773137 


36774289] 
3- 5774865; 
3-8775441 
3. 8776017 


3-8777743 
3.8778319 
3. 8778894 


3-878c045 
3-8780520 
28781195 
3.£781770 

fp 3-$782245 


38782919 


(3+87 $3493] 


| : 
hn, 


"Num! 


Logarithm, 


7562 
7563 


7565 
7566 
71567 
7568 
7569 
7579 
7571 
7572 
7573 
1574l 
1575 
7575 
7577 
1578 
1579 
7580/ 
758i 
7582 
7583 
7584 
7585 
7586 
7587 
7588 


1590 


1593 
1593 
1594 


756113, 


3-8804134 
3-8804706 
7595 3-8805278 


3.8786 367 
3-8786941 


7564/3-8787515 


3.8738089 
3.8788663 
18789237 
3.87 :9811 
3.8790385 
$-8790959 


rt ——— 


Num| Logarithm. 


Num} Log arithm. 


7596 3-8805850 
7597 3-8806421 | 76333. 8826384 
7598 3.8806993 

7599 3-8807564 | 7634 
7600 3,8808136 7635 3-882 8090 
7601 3.8808707 7636 35828659 
7602 3.8809279 | 763713, 8829228| 7672/3-884g086 
- 7603 3-$80g850 | 7638|3.8829797 7073 }-8849652 
7604 3.8810421 | 7639|3.8830365 | 7674|13.8850218 
7605'3-3810992 | 76403.8830934' 7675|? 


7531 3-8825815 


763313. .8826953 
3.8827522 


3-8791532 
3-8792106 
3.8792686 

«8793253 
3-8793 826 


OC nn 
— —  ————— 


3.87 94400 
i. 8794973 
3-8795546 
3. 8796119 
7-87 9669? 


(+8797 265 
8797832 
3-879841l 
3.879898} 
3-87995 56 
2.8800128 
2.$800701 
38801273 


17589]|3.8801846 


1. $802418 


——_—_—— 


7591 3.8802990O | 


2.8803562 | 


7606,3. 881156} 


7607 3, 8812134 
7608 3.8812705 | 764313 


76103- +881 3847 7645 
7511/3, 8814417 
7612/3-8814988 | 7647] 
76133.8815558 | 7648|} 
7614'3.8$816129 | 7645 3688 36047 
7615 3- +$816699 765c[3. 3.9836614 
7616,3.8817269 7651 1.8837182 7586 Þ 1.8257c04 
3.8837750| 7687}3-885 7565 

*8838317 

+$838285 | 76893. 8258695 
J 30839452. 76gc I 3-3859263 


7617 3.8817840| 7657 
7618 3.8818410 7653]; 
7619/3-8818980 76541? 
7620 3.8219550 7655 


7629 
7630! 


3 88252451 7665': 


— 


7621/3.8820120 7656 $ 8840019, 
7622/3-8820689 | 765713. 8840586 
7623/3.®921259|765*13.8841154 
7624,3.8821829 | 7655|3-+ 8841721 
7625|3-$822298 766c|3- 8842288 
7626 3.8822968 | 7661]|3. 8842855 
7627 3-8823537 | 766213.8843421 
7628/3.8824107 | 7663|3,*843988 


3-8824676 | 7664[3-8844555 | 7699/3.8864343 
TLETEED: 7700 2, 8864907 


7641]3.8831502 | 7676|: 8851356 
7642 |3.8832070| 7677|3.8851g15 
.$8832639| 7678]3.8852421 
7609.3.5813276 7644[3-8833205 767913.8853047 
3.8833775 | 7680/7. 7-885361: 


76403 3-8834343 
+$834911 
5835479 


Num|Logarithm. 
| 7666 3.88456088 
76673-8846255 
7668[3.8846821 
7669|3.8847387 
7670/3.8847954 
767113.88 8848520 


2.8850724 


768113,88 8854178 
7682|3-8854743 
7683[3.8855308 
75&4|3-8B855874 
7*8513-8856439 


768+, 8858134 


769113: 8859828 
769212. 8860393 
769? 3-£860957 
769413. 8861522, 
7695]? 7,8 862 2086] 


269<|3 "8867651 
36971 88673215 
7698/3 8863779 


K k k ka 


Num] ogerithes Num | Logarithm, Num|Logarithw. Nur Logarithn,| 
7791138865471 [7736 3.8885165 | 777113. 8904769 7806 3.892428; 
779213-$866035 [7737 3-$885726 | 7772|3.$8905328 78073-8924842 
779313-8866599 | 7738;3. $886287 | 777313-8905887 | 7 808 3.8925 398 
7704|3-8867 163 |7739|3-8886848 77743" +8906445 7809/3. 8925954 
770513:$867726 |7740/3-8887410 [777513.8907004 [7319 3-89265 16 
7706] 3.8868290 | 7741|3-8887971 7776/3. 8907562 |7811/3:8g Z+ 8927066 
770713-8868854 | 7742|3.8888531 777713. 8908120 | 7812|2,8927622 
7708|3.8869417 | 7743/3-8889092 | 77783-38908679 7813\3.891817 
770913. 8869980 | 774413-83$965 3 77793 $909238 | 7814/3. 892873 
771013-8870544 |774513-8890214 |7780,3-£909796 | 715/3.8929290 
7711|3-8871107|7746| 3. 8890775 7781|3.8910354 3-89 29846 
771213. 8571670 774713» 8891336 7782, J. 8910912 | 7817 3.8930401 
771313.8872233 | 7748 3-8B891896 | 7783 3-8911470, 38930957 
771438872796 7749] 38892457. | 778413: $912028 3.8931512 
77 1513-8873359 |7750[3-8893017 | 7785/38 8912586 | 7820/3.893206 
7716|3-8873922 | 775113-8893577 77863-8913144| 7! 3.893 2623 
771713-$874485 | 77 52]3-8394138 | 7787 3: 8913702 3-8933178 
771813.8875048|7753|1.8894698 | 7788/3-8914259| 7823[3.8933723 
(77191 3-8875610[7754|}-B895258 7789 38914817 | 7824/3.8934288 
1772013-887617317755 3-8895818; 77903-8915375 |7825]:-8934843 
7721 Jo 3-8876736 7756|:-8896378 7791 3: 3-291 5932 3.893539 
(1772213-8877298 | 7757]3-8396938 | 7792/3-$916489 3-®03595} 
772 3|2.$877860 | 7758|'-8897498 | 7793, 3-8917047 }.8936508 
[7 724[3-8878423 7759|3-8898058| 7794 3-8917604 3. 8937063 
7725138878985 | 7760|3+8898617 | 779513. 8918161 13. 8937618 
[Lo 3-$879547 | 7761|3-8899177 | 7796 3.5918718 3-893 $172 
772713-8880109 |7762|3.8899736| 7797/3891 9275 3-8938727 
7728|3-8880671 |7763|3.8900296 | 7798(3-8919832 3[2-$939281 
772913: 8881233 |7764|3.8900855 7799 3-8920389 3.8939836 
730 3-8881795 [7765138901415 | 78003.3920946 | 783513 394030 
7731, \3.8882357 77663. 2901974 | 7801 3.8921503 38940944 
7732/3. 8882918 7767(3-8902533 | 7802/3-8922059 38941498 
7733/3.8883480 |7768|3.8903 092 | 7803|3-$8922616 2.8942053 
7734 3-8884042 7769|3-8903651| 78043. 8923177 i +8942607 
73513-8884603 7770|3-8904210| 7805 2,8923729 840/3-$94316t 


= | Logarithm. | Num| Log arit bm, | 


7841; 
1842 
17843 


7845 
7846 
7847 
7848 
1849 
1850 
1851 
7852 
7853 
71854 
7855 
7856 
1857 
I 17858 
7859 
7860 
7861 
7862 
7853 


1844: 
3.8945929 


38943715 


3.8944268- 


38944322 
«8945376 


3-8946483 


3-8947937 | 


3.8947590 
3.8948143 


, 7876, 
7877 
7878 
7879 
7880 


7881 


}.53963058 
3,;8963608 
38964160 


3.8964711 


! 8965262 
3.896583 


788 213,8966364 
7883/3. 8966915 


7884/3. 


8967466 


Jo 3-894 8697 7885, Js 8968017 
I 1-8949250! 7836/3. 8958568 
7387 3-$969118 
78838 3.8369669 


3. 8949803 
3.8950356 


1:8950909 | 7889 3.8970220 


{+895 1462 | 7890 3.8979770 


18952015 [7891 Js 3-8971320 


3.8953120 
3 8953673 
3.8954225 | 7895:3-8973521 


3-8954773 
3-8955330 
7.82355883 


7864 
7865) 


47967! 3 
7368 
736g, 


3. 8956425 
3-8956987 


7866|3.89 89575 39 


.$958031 


3.895 3643 
3. 8959195 


3-8960299 | 7906 
£ 8960851 | 7907 
3.8961403 | 79ot 
3.8961954 | 7909 
3.8962506 | 7916 


| 73 


187013.895 895 9747 | 790, 7995 
7871; 
7872 
7873 
7874 
178753 


3.8952568 | 7892 3.8971871 


7893 3.8972421 
7394 3-$972971 


7896 3.89: 8974071 
7897 3. 8974621 
7898 3.8975171 
7899 3.897 5721 
7900.3. 8976271 
7901|3.8976821 
7902]. +$$8977370 
7993|3-8977930 


7904 


3. 8978469 
38979019. 
38979568 | | 7941 38998752 
3.8980117 | 7942/3. 8999299 
;.89 80667 1943. 3.8999846 
2. 8981216 | 
3.8981765 ' 7945 


Num!) Logarichm, Num|Log rithm: 


7911 
7911 
7913 
7914 
7915 
7916 
1917 
7918 
7919 
7920 
7921 
7922 
7923 
7924 
7925 


3.89823 4 
3.$982863 
i-8983412 
2.898 7 960 


13934509 


3.8985058 
3-$985606 
3.8986155 
3.8986703 
3.8987252 
3.89878c0o 


3-8988348 


3.3988897 
3.8989445 


3-8989993 


7926 
7927 
1928 
1929 
793 
7931 
7932 


3.8390541k 
3.8991089 
3-38991636 
3.8992184 
3.8992732 


; 7945] 


7947] 
7948 
7949 
7950 
7951 
7952 
7953 
7954 
79553 


3-900 1g 86 
3.9002032 
7, 9002579 
3-9003125] 
3.900367 if 
3-9004218| 
3-9004764| 
3-9005 310) 
3-9005856| 

3-9006402| 


7956 
7957 
7958 
7959 
7960 


7961 
7962 
7963 
7964 
7965 


3-8993279 
3.8993827 
79331}. 
793417 
193512. 


7936/3. 8996017 
7937 3. 8996564 


7938, 
7939! 


3.8997111 
3-8997658 


794013. $998205 


Kkkksy 


3.9000392 
3.900939 


7966 
7967 
7968 
7969 
7970 


797! 
797? 
1973 
1974 
797 


7976 
7977 
7978 
7979 
7980 


3-9006948, 
J.9007494 
3-9008039 
3-9008585 
J* 3-900g91 31] 


rf 2.9009676 
3-9010222 
3-9010767 
2.9011313 


3-9011858 


3-9012403 
3-9012948 
3-9013493} - 
3-9014038} | 
3.9014583]. 
3-9015128 
3-901567? 
3,9915218 
3.901676? 
3.9017307 
3.9017851 
1,9018396 
3-901894c 
3-9019485 
3.5902C026 


7981(3.9020573 
7982|3.9021117 
79$3/3-902156t 
79834/3:9022205 
1985(3.9022749 
7946|3,9023293 
798713.9023837- 
7988|3.99324381 
7989(3.9024924 
7990(3-9925468 
7991]:-992601 1 
7992|3-9026555 
199313-9027098 | 
7994(3.9027641 
[7995]3:9038185 
7996|3.9028728 
7997|4.9029271 
1998 3-9029314, 
79993.9930357 
0003-903} 0900 
8001|3.9031443 
$002|:.9031985 
1$003/3.9032528 
. 1800413.993 3071 
8oor\3,9033G61TJ i 
$006|3.9934156 
$007/3-9034598 
8008|3.9035241, 
$009,3.9035783 


— — _ > —— 


— —_— 


1m; Logaritims. Nam! Tau als. 
8 | $016 3-90J9577 


$017 3-9040119 
8018 3,.9040661 
3019 359041 202 
L020 32041745 
8021 349042285, 
$022 3:9043527 
8023 3-9043368 
2024 3.9043 909 


$025 3:9644459 | 


$026 3.9044992 
8027:3-9045533 
$028 3.90465074 
$029 3.904561'5 
8030.3-904715'5 
8031:3.9047696 
8032'3.9048237 
8033/3.9948778 
8034 2.9049318 
ELIE a nts 
8036\3,9050399 
$037, 3-9050940 
8$038|3.9051480 
8039\3.9052020 
8040 3-9052560 
8$0.413,9053 101 
8042; 3-9053641 
2043(3.9054181 
8$044|3,9054721 


$or 0|2,9036325 | 


80110 3,9036867 | 
8012|3-9937409 | 
8013,3-9937951 
$014/3-903 8493 


$045[3-9055 261 
$046|3.9955801 


804713-9956741 
$048|3.9056880 


| $049]3.9957420 


$orc'3.902902< 


$ogo'z 9057960 


Bog1 
8052 
8053 
*054 


Nutn, 


Bog5'3:9060656 


?o6 $| 2.9067659 


C12.90074114 


Logurirhm. 


3-9058498 
3-9059038 
3.9059577 
3.6060116 


3,9061195 
3.9061734 


812.9062273 
3-9062812 | 8094 3,9081633 
3+9063351| 8095 
3.906389 | 80g 3.908270z 
3.9964428 | '80973.9083241 
3.9964g67 | 80982.9083778 
8099 3.9084314 
8100! 


3-90655OF | 
2,9066044 
3-90665 82 
?9067T21 


3.99681997 
3.9969273 | 


149073576 


3-9074651 
2,9075188 
$.9075726 
3-9976263 
2-9076800 | 


$086\3.9077 337 
8087 3+-907787 


8088|3.907841 I 
[3*907 8948 


$089 


22903:9979485 


80g1 
8og2 
8093 


| 


8101/;.g085 396] 


$102! 
8103 
8104 
8105; 
8106; 


811} 


8$114/2.909235c 
$115/3,9092885 
$11643-9097420 


8117, 


811t|3,9094490 
8119 
$120 


| 
' 


3.908002 3 
3-908055 
3-90810gg5 


3-908485 


3-9085922 
3.9086458 


[3-9036994 


3.9087 530 


3-9O88066] 
3.9069812 , $107 3.9088602 
1-9070350 8108 3,g08g137| 
2-9070888| 8109, 3.9089673|. 
107 $[3-9071425 | $110 3.9090209 
$+907 1963 , 8111.3.9090744 
3.9072501| 81 12 3.909127g] 
|3,9073038 


3-gOgners 


1+9093955 


3.9095025 
3.9095560 


__ — ——. 


Num| Logerithy, | 


3.9082 169} * 


| 


% ”— ————_—_— > ———_— 


—— _ 


— ET —m 0 TSP 
— 
- 


$121 
$122 
$123 
$124 
$125 
$126 
$127 

128 
$129 


$130 


Num| Logarathm. 


y—_— — 


3,9096095 
3.9096630 | 


12.9097165. 


39099234 


3-9098768 
3-9099303 | 


39999837 
3,9100371 


3-910090F ,' 


Num| Log arit hm, | 


815613.9114772 
8157/3-9115305 
8158/3.91158.37 
8159 3, 9116369 
$160/3-9116902 


$161 (3:9117434 
$162 3. 9117966 


$163] 


3-9118498 


$1643.91 I9030 


8165 


$166 
816713 


$13113-9101440 
$132/3.9101974 
$133/3.9102508 | ©168} 
$1343. 9103042. 8169, 
[8135/31 9103576 $170, 


$1363.9104109 | 8171 
8137 3-9104643 $172) 
$138 3.9105177 , 9173 
$139,3-9105710 | $174 
U140 39106244 8175 
$141 3-910 9106778. ' 8176 
$142/3-910731t | 8177 
8178 


(3-9107844 | 


$144; 
8145] 


39108911 |8180 


$91 I9562 


3-91 20094 
+»9120626 


3 »QI21157 
3.9121689 
J-9122220 


3+9122752 


3-9123234 
3.9123815 
3-9124346 


1-9124878 


3-9125409 


3-9125940 


3.9126471 


3.9108378 | 8179/3.9127002 


3-9127533 


$146/3-9109444 | 8181] 


$147 
$148 


149 
$150 


3-9112109 ' $186 


3-9112642 | 
3.9113174 | 


$157 
8152 
8153 
'$r54 
815513, 


|3.9128064 


3-9109977 | 2182/3.9128595 
3.911051IO, $183/3.9129126 
3-9111043 | 8184 3.9129656 
3.9111576} 8185/3.9130187 


3-9130717 


Num! 


Logarithm, 


$191) 
$192 
$193 
8194 
8195 
3196 
8197 
$198 
8199] 
8200 


$-9133369. 
3.9133899 | 


3-91 34430 


2.9134960 | 
3-91 35490 


H——— rw 


3.9136019 
3-9136549 
3.9137079 
3.9137609 
3$.9138139 


CH O—— 


8201 
8202 
8203 


$204; 
8205| 


3.9138668 
3-9139198 
3-9139727 
3+-9140257 
3.9140786 


8206 
8207 
8208 
$209 
8210 


8271 
82132! 
8212 
8214 
82 8215/7 


$216 
8217 


8218 
$219 
$220 


Kkkks6 


3.9141315 
3-9141 844 
3$-9142373 
3$.914290J 


3-9143432 
[3-9143961 


3.9144489 
2.9145018 
3-9145547 

2.9146076 
3.9146604 
3+9147133 
3.9147663 
3-9148190 


3.9148718,| 
\$221/3 
$189(3.9131248 | $222 
$1883.9131778 | 8223 
3.9113707 | 8189/3.9132309 | $224] 
39114240 | $190/3.9132839 '$225 3.9151 359 


-9149246 | 
3+9149775 
3.9150303 
3.9150831 


($233 
| $234 


| 825213 


Num! 


Logarithm.| 


$226; 
8227 
8228}? 
8229 
$230] 
8231 
$232 


8235 
8236 
$237 
8232 
8229 
$240 
8241 
$242 
$243 
8244 
8245 
8245 
8247 
$249 
$8245 


8251 


825313. 


$254 3. 9166645 


8255/2. 


| 8256/3. +91 67697 


$2573 
8258 


3+ 
8255 


39152475 


39153471 
3-91 5 2998 
3-91 54526 
3-9155054 
Je9I5 5561 
3-9156109 
2-91 56636 


3-9157 163 
J-9157691| 
3-9158218 
3-91 58745 
3-9159272 
$91 59799 
3-9160326 
3-9160853 
3.9161380 
ddr od 
3-9102433 
3-9162960 
3-9163487 
3-9164O013 
825c|3.9164539 
J-916506C 


3-9169275 
$260\3.91698c0 


3-9151887 


«9152943 


«9165592 
9166118 


3-9167171 


3.9168223 
-9168749 


Rum! L 


Legarithm. 


$261 
8262 
$263 


$2643 


8265 
$266 
8267 
$268 
8269 
8270 


$271]! 
$272 
$273 
8274 
8275 
3276 
8277 
8278 
$279 


8280; 


3.9170326 
3.9170852 
39171378 
*9171903 


39172429 


3.9172954 
129173479 
3.917405 , 


Num| Logerichm. 
$296 3-91 88687 
$297,3-9189211 
82983-91897 34 
$299|3-9190258 
8300, 3-91 9190781 
$301 3. «9191304. 
$302 3.9191 $27 
8303, 3-9192350 


3-91 74530 | $304 39192873 
$91 7505S | 83 zog 29% +9193396 


9175580 
129176105 
3.91 76630 
3.917755 
3-917 7680, 


| 8306|3- 9193919 
8307 3-9194442 
$308, 3-9194265 
$309 3.9195488 
$310 3+ -g9196CI0 


3-917 8205 
1.9178730 
3-9179254 
3.9179779 
2-9180303 


528, 
$232 
8283 


8284 
8285 


$286 
8287) 
8. 288, 
8289 
596 


$291, 
8292 


79180828 
"Q0181352- 
3,9181877 
3.9182401 
3-9182925 


3-9183449 


3-91 83973 
3-9184497 | 


3.9185021 | $324 


19185545 
3.91 3-91 86069 


3.9186593 | 


$293) 3-9187117 
8294/3. 9187649 
8295 ; '3-9188164 


pr 


$321 3-9196533 
$;12,3-919705F5 
831339197578 
$314 3,9198100 
8315 39198623 


$316 39199145 
8217 3-9199667 
8318 3-9200189 
$3 I9 3-920O711 
8320 3- «9201233 


— - ——_— 
* —— 


$321 3 9201755 
8322/3-9202277 
8323, 3.9202799 
3.9203 321 
$325|3-9203542 


$326 J. 3:9204364 
$327 3-9204886 
8; 283 9205407 
8329, I, 9205929 
83303 Soonges. 


Num|Log arichw. 


8331 
8332 
8333 
$334 
$335 


8336/3 


8337 
$338 


8339 
8340 


Num] Logarirhm, 


3-9206971 
3+9207493 
3.9208014 
3.9208535 
3-920 9209056 


7.92 09577 
2.9210098 
3-92 10619 
3-9211140 
3-92 11661 


8 3.9216865 


2,0222063 


3.9213222 | 


3-9213743 $379 3.923108, 
3. 9214263 


3-9214784 
"9215304 
$.9215824 
309216345 


3.9217385 
$.9217905F 
{+9215 425 
1-921 8945 
3-9219465 | 8890 
3-921 9984 
3$.9220504 
3,9221024 
$.92231543 


169222582 


$366} 3-933517 922517; 


8367 
836 
83 


3 +92 2569 
83 3-9226217 


69/3: «9226736 


$370, 3+9227255| 


837 113-9327773 
$3723. +922$292 
'$373]3 9228811 
83743. 9229330 
$375/3.9229848 
3-9212181 $; ;7613.923 9230367 
3.9212701| 837 


83 


$380 


T3. 9230885 
78(3-9331404 


3-923 344 


$8381 3-923 2958 


$382/3-9233477| 


$383[3-923 3995 
8384 3-9234513 
8385/3-9235031 


$386'3-923554 


$387, 3-92 36066 
$3883. 9236584 
$389 3. 9237102 
$5 90/3. 3-9237620 
$391 3-9233137 
$392.3-9238655 
83933-9239172 
83943.9239690 
8395/3: 3.9240207 
$3963 +9 240724 
3.9223102 | 8397|}+9241 24? 
3.922 3621 | 2398 3-9241739 
3-9224140 | | 8399/3.9242276 
2-9224659 | $400,3.924279? 


en DID... A...) 


Num |L og aritbm. 


$+924337© 
3-9243827 
39244344 
3-9244860 


3:9245377 


$405|3-9245 894 


3-9246410 
3-9245927 
3-9247444 


[3-9247960 


3+9248476 
9248993 


boy 


$.9249509 
3$-9250O25 


$415/3-9250541 


$-9251057 
3.921573 
3.925208g 
3-9252605 


of 3-9253121 


3-9253637 
3.9254152 
3.9254668 
3$-9255184 


3.9255699 


3.9256215 


3-9257245 
9[3.9257761 | 
3-9258276, 


3.9258791 


843212 9259306 
18433! 2,9259821 
84:4 3+ 9260936 | $469 3. «9278321 
18435 3-9260851 '$470/ 3. .9278834| 


Num ' Log arichm, Num'Logarithm, Nu mjLogari bm, 
——_—— FO eee amt 
$436[3.9261366 | 847113.9279347 | 8506,3-9297254 


8437|3-9261880 | 847213.9279859 | 


8438|3.9262395 | $473|3.9280372 | 8508]3. 9298275 
8439] 3-9262910 $474 3+ 9280885 | 850913.9298785 


| $8507]3-9297764 


| $510/3-9299296 


84403-92 9263424 8475 13.9281397 | 


$441|3-9263939 $4763. 9281909 
$442[3.926445} | 8477/3-9282422 
$443{3-9264968 847833-9282934 
84443-9265 482 |84793.9283446 
$445]3-9265997 8480 3-9283959 


| 
| 


8511;3.9299806 
4 2.9300J16 
$513/3.91 00826 
8514/3-9301336 


4 


8515/2 3.9321 347 


8446| 7349256511 $431. 3-9224471 
$44713.9257025 | 8482/3.9284983 
8448[3-9367539 | 8483 3-9285495 
$449[3-926805 3 | 8484 3.92 86007 
8450 3-9268567 8485 ; 3-9286518 


8516/3. 9302353 71 
$517|3.9302366; 
$518/3.9303376| 
8519 3+9303886, 
8520/3, 3-9394396, 


845 1]3-926g08r $486 3.9287030 
845213.9269595 | 8487/3-9287542 
845313.9270109 , 8488 3.928805 4 
8454139270622 | | 8489/3.9288565 
8455[3-9271136} | $4903, 9289077 


8456|; 9271650 , $491 3.928 9289588 
8457|3-9273163 , 8492 3.9290100 
845£[2.9272677 $493 3-9290611 
5459|3-9273190 $494 3-9291123 
$46C|3.9273704 8495,3.9291634 


3-9256730| 


8461[3.9274217 $496 /3.9292145 
$452[3,9274730 , £497 3-9292656 
$453|3.9275243 | $498 3-9293167 
$454;3.9275757 | $499 3.9293678 
845 $455/3.9276270 $500 3,92 94189 
[8466/3 9275783 | $501/3.9294700 
8467,3-9277296 8502/3-92 95211 
8468 3.9277808 | 8503/3-9295722 
25043-92962 33 


8505 39296743 | 


8531/3.93c 9304906, 
852213-9395415, 
8523|3-9305925, 
8524 3-9306434 
$525/2-9306944 
$526/3.9307453 
8527|3-9307963 
$528,3.930"q72 
$5293. 93C8g81 
$530/3.97 09490 
8531|3-9309999 
©5323: 9310508 
853*/2-9311Cc17 
$534 3.9311526 
$535,3-9312035 


8536 3-9312544 
$537 39313053 


8538,3.9313561| 


8539 3-9314070 


8540 3-9314579 


Num)Logarichm. 


8541] 
8542 
8543] 
8544 
8545 


3-9315087 
3.9315596 
3-9316104 
3.9316612 


39317121 


8546 
8547 
18548 
8549 
8550 
8551 
8552 
8553 
8554 
[8355 
8556 
$557 
8558 
8559 


3-9317629 
3.9318137 
3-9318645 
3.9319153 


3.9319661 
— — 
3-9320169 


3-9320677 
3-9321185 
3.9321692 
2.9322200 


COTEITE————_—_ —_—— 


3.9322708 
3-9323215 
$-9323723 
3.9324230 


8576 
8577 
8578 
8579 
$580 


Num Logarithe, 
3.9332848 


— —— OO — 


3-9333354| 8612 
3.9333860| $613 
3-9334367 ' 8614 
3.9334873 8615 


R581 
8582 
8583 
3584 
8585 
$586 
8587 
8588 
8589 
8590 


8591 
8592 
8592? 
8594 


39340943 


3-9335379; 8616 
3-9335885 8617 


3.9236392 | $618 


3 9336897. $619 
3-9337403| | 8620 


3.933790g| 8621 
; 9338415! $622 


[Num| Log arithm, | 
[18611 


3-9350536 
3+9351040 
3-9351544 
3.9352049 
3-9352553 


3.935 3057 


3-9353561' 
(3-9354065 


3-9354569 
3-9355073 


39355576 
3-93560£o 


3-9338920| $623/3,9356584 | 8 


3-93 39426 
3-9339932 
3-9349437 | 8626 
8627 
2628 
8629 
8630 


3-9341448 
3-9341953 


$624 3.9357087 
8625/3-9357591 


3-93 58095 
3-9358598 
39359101 
3.9359605 


8560 


8561 
8562 


3-9325245 
3+9325752 
$563(11-9326259 
8564/3-9326767 
[3565|3-9327274 
$566 3-9327781 
8567, 3.9728288 
8568'3-9328795 
8569 3: -9329301 
8570/3. 9329808 


[$5 7113-9330715 


$573 3- 9331328 
8574]t 9331835 
8575|3-9332341 


[3-9324738 


8595/3-9342459 


8596|3-9342964 
”5$9713+9343469 
$59$13-9343974 
859913-9344479 
8600/3.9344984 


8601/3.9245489 


28603 


3.9360108 
3+-9360611 
3.9361114 
8633]3.9361617 
8634'3.9362120 
8635/2,0362623 


$636/3-9363126 


8631] 
8632 


8602/3. 9345994, $637,3-9363629 
(3-9346499| 8638 3.9364132 
86043.9347004| 8639 3-9364635 
8605' 2.9347509, 8640}, 9365137 


£606|3-9348013 | | $641, 3: 9365640 | 
$607/3-9348518 | $642.3-9366143 | 8677/3. 9383696 
8608 3-9349022 ' 8643 3-9366645 | 8578 3.93 84196 
8609 3.9349527 $644 3-9367148 | 8679/3.9384697 
$610 7,93500}2 $645 2.9367650 |t 8680/2, 29385197 


Num| Logarube, 
864613.9368182 
8647 3-9368653 
864."3-9369157 
$649\3-936965 
8650/3, 39370161 
8651/3937 13.9370663 
8652/3, «29371165 
8653/3. 9371667 
8654/3.937216 

8655! [3-9372671 


8656/3.93 29373172 
262d 3.937367 
83. 9374176 
6 59] 9374677 
$660/2.937517 
TT 937568 
8662/3.9376182 
$6621 9376683 
4.3-93771 
8665/3. 3+9377686 
$6663.93 9378187 
$6673. 937868 
8668|3.9379189 


8669, 3-93796g0 
86 $670/3.93 80191 


8671 1 3-9380692 
8672/3.9381193 
£673'3-9381693 
8674 3.9382194 
£675,393 326g) 


$676/3. 9383195 


OS Y Oro Doo — w—_ 


$68; 
$684 
8685 
$686 
8687 
8688 
8689] 
8690] 
[8691 
8692 


1870} 


1.9397688 


8713 
[8714 
(8715 


Num |L og arithw. 
fo l 3493 $5698 
$682[3-9386198 
3.93 86698 
39387198 
3-9387698 


13-93 94194 


Num 


Logarithm. 


Num Logarithm, 


Num| Logarithm,\ 


8716 
8717 
8718 
8719 
8720 
$721 
8722 
8723 
8724 
8725 
8726 
8727 
8728 
8729 
8730 


3-9388198 
3-9388698 
3-9789198 
3-9389598 
3-9390198 


3+ 3-9390697 
3-9391197 
3.9391697 
3-9392196 
3-9392696 


39493172 
3-9493670 
3-9404169 
3-9404667 
3-9405165 
3-9405663 
3.9406161 
3-9406659 
$+9407157 
3-9497654 
2-9408152 
39408650 
3-9409147 
3-9429645 
3-9410143 


3-9393195 
3.9393695 


$+-9394693 
2-93 95193 
3-9395692 
2.9396191 
7.9396690 
3-9397 189 


3.9398187 
3-9398685 | 8742 


[3-9399184 | 3743 


3.9399683 | 8744 


| 3-9400182 | 8745 


3-9410640 | 8766/3,9 


3-9411137 
1.941 1635 
1,9412132 
3.9412629 


$+941.3126 
3-9413623, 
299414120} 
3-9414617 | 


1-9415114| 
3-9415611 | 


3.9416108 
J.9416605 
3.9417101 


[2.9417 598 


1.9400680 | 


3.9401179 
3.9491677 
3-9402176 | $749 
3-9492674 18750. 


5746; 
8747 


8748 


(3-941 80g5 
3-94185g1 
3.9419088 
13:94195 84 
17+-942CO81 


8751 3-9420577 
875212.9421073 
8753|3-9421569 
8754|3-9422065 
$7553 3-9422561 
8756/3. 9423058 | 
875713-9423553 | 
8$75843-9424049 
$759 3-9424545 
876039425041 
876113.9425537 
876213.9426032 
8763|3-9426528 
$764|3-9427024 


8765|3-9427519 


$76713-942 8510 | 


8768 3.9429005 | 
8769, 3.9429501 | 
| $7793. 3-9429996 | 


| 


| $7713.94} 9430491 | 
8772,3.9430926 
| $773,3-9431481 
8774 3-943 1976 
8775\2.9432471 


$776|3.9432966 | 
$777, 3-943 3461 

| 956 
$779 3.9434450 
\ 8780 3.9434945 


8781] 3.9435440 
8782/3. -9435934 
op +9436429 
$784 ; $432921 


8786,3-9437912 
8787[3-9438406 
8788|3- 943 8900 
87 89/3-9439395 
8790[3-9439889 
$791/3-9440383 
8792\3.9440877 
| $793[3-9441371 
87943-9441 865 
8795|3-94423 58 
8796|3-9442852 
87973-9443 346 
$798|3.9443840 
$799|3+9444333 
8800, 3, 3-9444827 
$801/3.9 +944532C 
8802/3.9445814; 
8803, 3:9446307 
28c4 3.94468c© 
8805|2-94472.94 


£806 3.94477 87 
8807 3.944$2$c 
$808 3.9448773 
| 8809 3.9449266 
8810/3. 9449759 
8811/3: 9450252 
8812/3-945©745 
8813/3. *0451238 
8814 3.945173© 
8815 3 3+9452227 


£816, 3.945271 
8817 349453208 
$818 3.945 3701 


88193. *945419: 
8820 2.945 46Pe 


Num' Lyg ar1t bm. 


[8821 3.9455178 
18822 3.945567! 
83823 3-9456163 
$324 3,9456655 
8825 3-9457147 
8326/3, 9457639 
8827 3.9458131 
8828 3: 94585623 
[8829 3. 29459115 
8830 3.9459607 
$831 3» 9460099 
8832 3-9460591 
8833/3- -946 1082 
8834 3.9451574 
$83513.9462066 


C——_W I — 


$836/3-9452557 
8837 3-945 3048 
$838/3-9463540 
88393-9464031 
[8840/31 9464522 
[8841 3-9465014 
'8842/3-9465505 
8843] -9465996 
(8844 3-9456487 
8345, 3-9456978 


$846 3- 9467459 
8847 3-9467960 
$848 3-9458451 
8849 3-946 8942 
et 9409432 


885 113.9469923 
8852/3,9470414 
($85 3,3-9470905 
$854/3-9471395 
885 5/3- 9471886 


Num n Logarithm, 


| "Num| Logarithm. | 


8856/3. 513:9472770| 8891 3» 94895 06 


885713-947 2866 
885839473357 
8859|3-9473847 
$860/3.9474337 


8861/3. 9474827 


886213-9475317 
$863|3.9475807 


8892 3-9489994 
8893|3-9490483 
8894 3.9490971 
8895/3-9491460 
8896|3.9491948 
8897 3-9492436 
8898/3.9492924 


| 3806 


8864/3-9476297 b- 8899 3.9493412 


$86513.9476787 


8866|3.9477277 
886713-9477767 
$868[3-9478257 
8869[3-9478747 
8$870/3-9479236 
3.9479726 
$872|3-94$0215 
887313-9490705 
8$874/3-9481 194 
8875/3-9481654 


$871 


$876 


3-9482173 | 


8900 3. 3-9493900 


8901|3-9494388 
8902.3, 9494876 
8903, 3.9495 364 
8904 3.9495 851 
8905/3 -9496339 
$906 3-9496827 
8907|3-9497314 
8908 3.9497 803 
8909/3. 9498290 
8910/3. 9498777 


$91 1 113-94 9499264 


88771 3-9482662 | 391 2/3. $9499752 


8878|3.9483151 [8913 
8879|3-9483641r 


3.9500239 
8914 3. 9500726 


882013. $.9484130 8915 2,9501213 


2881 39494619. \8916/3-950 «9401701 
$882/3.-94$5108, 891713, 9502188 
3887/3. 9485597 8918/3. 9502675 
3384 3. 9486085 8919 3. 9503162 
8885,3.9486574 | 8920 3-9503649 


8286 3. 9487063 
8827, 3-9487552 
$883 3.9488040 
$889 3.9488529 
$290 2.9489018 


8921 3-9504135 
892 2.3-9504622 
$9233-9505109 | 
8924 3-9505596 | 
8925 2,9506082 


_—— — — 


——— on 


Num 
8926 


8927, 
8928 
8929 
8930 
8931 
8932 
8933 


8935 


8934 


Logarithns, 


(3+ 295 9656; 


3-950705 
3-950754 
3+950802 
3-95085 rg 
3-950 95 09001 
3-9509487 
3.950997} 


8936 
8937 
8938 
8939 


8941 
8942 
8943 
8944 


$940 


3-951045 
951098 
3.951143 
3.951191 


3+95124 
2.95128 


3+9513375 


3,9513861 
3-951434 
3.951483 
3-951531 


8945;3-95 15803 


8947 
8948 
8949 
8950, 


8951 


8953 
5954 
8955] 
3956 
8957 
8958, 


8959 
896c|* 


8946(3.95162 


8952 3-951920 


3-951677 
3-951726 
3-9517745 
J+951823c 


3. 3-9518716 


39519686 
3.952017! 
3-95 20656 
Jo 9521147 
J. 19521626 
3,9522111 
3.95 22595 


95 32070 


OumMOUOMMMVEOOFF:rF ES C———R—————————e....D Oo. ET. OO: OY: OO — - = 17 


[Num' 
8961 


8962 
\$963 
8964 
i965 
966 
895 
$959 
'$959 
$970 
897 1 
8972 
8973 
8974 
8975 
$979 3-95 
9 
8978 
$979 
[$980 
$98113-953 
898 2 
28. 
9 
3985 
7 rey? 


Legoriche. 
39523565 
3.95 24049 
3-9524534 
3-9525018 
3-9525503 


3-9525987 
$+9526472 
3.95 26956 
3,9527440 
$-9527924 
3-9 528409 
3.9528893 
349529377 
3.95 29861 
39539345 
149530828 
3.9531312 
3.9531796 
3-9532280 
369532763 
39533247 
3-9533730 
149534214 
3.9534697 
3-95 35181 


3-9535664 
3-9536147 


8987 
($988 
8989 
8990 
8991 
8992 
8993 


3.9536631 
3-9537114 
3.9527597 
3:95 38080 
3.953856} 
3.9529946 


8994, 3-95 39529 


8995 3-9549012 


Num L 


8996 
8997 
8998 
8999 
9000 


9901 
9902 
9003 
g004 
9005 


OO —— 


9006 
9007 
goos 
9009 
go01O 


gOIn 
gOl3 
gor3 
9014 
gong 
go16 


gor7 
gor 8 


9020 


9922 


9025 


9027, 


I ——— 


Logarithm, 


3.9540494 
3-9549977 
3+9541460 
3-9541943 
3+9 542425 
3.9542908 
$+-9543390 
3-9543872 
3-9544355 
39544537 


3-9545319 
39545 802 


3-9545284 


3.9545766 
19547248 
3-9547730 
39549212 
3.9543694 


go1g! 


9023] 
9024 3.9553991 


| 


9028 
9029 
9930 


3-9549176 
3+9549657 
3.9550139 
2.9550621 
3-9551102 
2.95 51584 
3.9552065 


902112.9552547 


3.9553028 
3-9553510 


3-95 5447? 


— 


Num; Log arithm, | Num|Logarithm. 


go31n 
9032 
9033 
9034 
9935 


39557358} 
3.9557839 
3-95 58320 } 


1.9558800 | 


3. 3.9559282 
3.9559762 


3.9560723 | 
3.9561204 
3.9 561684 


3-9362165 | 
3-9562645 
3-9563125 
2.956 3605 
3.9564686 


2.9564566 
39555046 
3-9565526 
3.9566006 
3.95 66486 
3-9565966 
349567445 
$.9567925 


3.9568405 
2.9568885 


| 9066 
9667 
9968 
9a6g 
9070 
9971 
9072 
9073 
9074 
9075 
9076 
9077 
9078 
9079 
9030 


3-9574157 
39574636 
3.957515 
3-9575594 
3-9576073 
3-9579552 
39577939 
3+9577509 
hellory 
3-95 73466 
3-9578945) 
3-9579423 
3-95 79902 
3-9580380 
3-95 80858 


9081 
g082 
9083 
9084 
gok's 


P95 91337 
3-9581815 
3-9582294 
3-9582771 
14-9583249 


go86 
9087 
go88 
goB8g 
9g0go 


9026/3. 9554953 | 9061 

3-955 5434 | 9962 
3-9555915 | 9063 
3.9556397 | 9064 


3-95 $6877 | 9065 


3.9569364 
3-9569844 
3.9579323 
3+95 70803 
3-957 1282 


3-9571761 
3-9572241 
3.9572720 
3.9573199 


3+9573678 


90g1 
9092 
9093 
9094 
9095 
gog6 
9097 
gog8 
9099 


3-9583727 
3-95 84205 
3-9584683| 
3-9585161 
3.9585639 
3-9586117] 
3-9586594 
3.9587072 
3.9587549 
nn; 
3.95 88505 
3-95 88982 
3-9589459 
3-95 89937 


9100 


3.9590414] 


Num'Logarithm. 


— 


3.9590891 
3.9591368 
39591845 
$+9592322 
3.9592799 
$-9593276 
3$+-9593753 
3-9594230 
349594707 
3-9595184 
3+9595660 
3.9596137 
3.9596614 
3-9597020 
$-9597567 


149598947 
3.9598520 
$.9598996 
13+959947* 
3-9599943 
39600425 
3-9600go01 
39601377 
2.960185} 
3.9602329 
9126|3.9602B0F 
[9127] 3.9603280 
(9128 3.9503756 
91293-96042 32 
* [1913© 3.900 9604708 

0131/3:960 9605183 
9132 3.9605659 
"194 33|3.9606135 
9134 3- 9606610 
0135 3-9507086 


9101 
9102 
9103 
9104 
(9105 
9105 
9107 
9108 
g10y 
g9110 
gril 
9112 
91r} 

9114 
a2 
'9115 


: 


Num n Log arith ne ", 
9136\3.9607561 
9137/3-9608036 
9138, 3.96085 12 
9139/3. 9608937 


91 2149, 3-9609462 


914113. 9609937 


9142 


3.9610412 


9143|3.9610887 


9144 
9145 
9146 
9147 
914 

9149 


BIDY 


9159 
Adort 


9161 
9162 


9164 


3.9611 363 
3.-9612312 
3-9612787 
3-961 3262 
3.9613736 
2.96142 11 
3.9514586 
3.9515160 
3.9515635 
3.9616109 
2.961658} 
3.95917058 


3.9617532 
3.95 18006 


| 


91633 


2.9618481 
3.951895F 


2.9619429 
3.9619903 
3-9620377 
3,9620851 


9165, + 9621325 325 
9166 3. -9621 799 
9167)3.9922272 
9168/3.9622746 


- 
© CST{O}]}]'?SOA — 


Num) Logaribm. | 
9171\3.9624167 | 
917213,9624640 | 
9173|3-9625114 
9174|3.9625587 | 
91751390 
9176 
91773» 
917813. 
91793-9927954 
9180/3.9628427 
3.9628900 
I-9629373 
3.9629846 
2.9630319 
3-9630793 
3.9631264 
3.9631737 
7-9632210 
2.963268; 
$.9633155 
3-9533628 
2.9634100 
',9634573 
3.993 5045 
2.9535517 


Num! 
9206 
9207 
9208]? 
9209 
9210 
9211 
9212 
9213 
9214 
9215 
9216 
9217 
9210] 3. 
9219/3 


Num[Logarithm, 
3-96497 10 
3-964L18: 

+964165 
3-9642 125 
3+ :9642596 
Zo 9643068 
3-9643539 
3+-9644011 
3-96 44482 
3:9644953] 


£ 9645896, 
«9646838 


9220 7-9647309 


= —— 


9221 
9222 
9223 
9224 
9225 
9226 
922] 
9226 
9229 
923C 


3.9635990 


\S 
2) 
_— 
4 
S 
RJ 
9. 
Q% 
> 
QA 
Þ4 


0231 
923213 
923? 

9234 


2.96 47780 
3-9648251 
3. 9640788 
3.9649193| 
To 2-9649664 
3-9650134 
3-9650605] 


Z-965154( 
3, 9652017 


3-965 2482 
3-965 2950 
[3,965 342t 
3.9653 399 


3-9645925|- 


3+9651076 


916913.9623220, 
9170)2,9623693 | 
That heb ts 


3.9639294 
3.9639766 


5 39640238 


0 | 9236/3.9654839 


92351296 .965436 $ 


9237|3.965530s 
9238/3-965 5786 
9239/3-965 5259 


| 9240 3. 9650720 


Num; Logarichm. 


$2413; 9657190 
9242|3.9657660 
4313-95581 30 
9244|3-9658599 
9145/3-9659959 
9245|3.9659539 
9247|3.95660009 
248, 3.9560478 
9243 3.9660948 
9250 3.9651417 
g25 113.9661837 
9252 3-9662356 
9253 3-9662826 
9254 3.96 53295 
9255 3:9553754 
9256 3.9664233 
9257 3-966 470? 


9261 3.95565 79 
9262/3, 95670.48 
9263|t.9567517 
9264 3. 9567985 


9265|3-9668454 
9266 J. 966392 ; 
9267 3.9669392 
19268 3.9669860 
9259/3-96703 29 | 
9270, }.9670707 


9271|3,967 1 260 
19272 $.9971734 
927 3| 3-957 220} 
9274\1.967267t 
927513-9573139 | 93 


9258 3.9665172:) 929: 
9259.3.9565641 | 9294/3 
9260 3.9556110 | 9295 


Num, Logarithm, 


Num| Log arithms, 


9276j3.9673607 
927713.9574976 
9276|3.9574544 
9279|3-9675012 
9239 


3-9677351|g9 
3.967719 
3.9678287 
39578754 
3-967922 
$13«9679$90 
929gc 3-9680157 
9291\3-9680625 
9292 3-9681t 092 
3-9681559 
3-96 3$2027 
-- 3-959 2494 
1-9532961 
3-9683428 
3.9683895 
3-9684362 


9290} 
9297 
9296 
9299 


9300 


OJol 


3.9684329 


3.965296 


3-968 5763 
9302/3.9586230 
| 9304/3.9586697 
9305|3.9687 164 


9302 


9306|3-9687630 
9307 3-968 8097 
9308 3- «9688564 | 9343; 
93 09,3.9689030 93443" 97053258 
9310 2.9539497 [9345/3 9705793 | 


| 


9330 


9311 
9312 
9312 


9314} 
3.9675480|93i5 
3-9575948 9316 
3-9576 446, 9317|3:9-\92 761 
3}3-9676883 | 93 18|3.9693227 


9319 
9320, 

9321! 
9322 
9323 
9324 
9325 


9326 
9327 
9328 
9329 


9331 
9342 
9333 
9334 
933JF 


9330 


3-9689963 
3-9690430 
3-96903 96 
2.9591362 
3.9691829 


3.9692295 


3-9593693 
3.9694159 


[3-9694625 
3-9695091 
2.9995557 
3.9696023 
3-9596438 


39596954 
3-9597420 
3.9697 885 
3-9698351 
1.96g98816 


em mmm. — 


3+9699282 


3.9699747 
3.97 0921} 
$.9700678 
J,27011 4? 


 — rr 


3-9701608 


Num; Logaru bs. 


9346 
9347 
934%; 
9349 
9350 


9351, 
9352, 
9353 
2354 
9355 
9356 
9357) 
9358 
93591? 
9350 
9361 
9362/3 
9363 
9364 
9365 
9366 
9267 
9368 
9369, 


[3-9716469 


3.9706258 
3-9706722 
3-9707187 
3-9707652 
3-9708116; 
2.97085 2581] 
3+ +9] 29945 
3.97 09509 
$.9709974 
3.9710478 
+a7iogonl 
3.9711366 
3-9711830! 

9712294 
3+ 2-97 13758) 
3.971 3222) 

9713685 
2.9714150; 
3-9714514' 
3+9715075) 
$.9715542 
3-97 16005 


3-971693 2} 


9337|3+9702074 


937< 3. 9717396 
9371/3-97.17859 


9338 
9339 
9342 


9341, 


3.9702539 
3-9703004 
3-9793 459 


3s 9703934 


9372]3-9718323 


9373: 
9374. 
9375 


9370 


39718786 
3.97 19249 
beP7.7NE0L 
3-9720176| 


93433 9794399 | 937713: 9720639 
2149704863 | 9378/2,9721102| 


237% 
9380\+.c 


(3.9721565/ 
9722028) 


9381 
9382 
9383 
9384 
9385 


9386 
9387 
9388 
9389 
9390! 
9391 
19392 


9421 
942.2 
9423 


3.9726656 


3- 3-9727118, 
3-9727581 | 942 


9425 


-19393[3-9728043 (94283 
9394 3.97285c6 | 9429 
9395 3-97 28968 | 9430 


9396, 
9397 
9398 


9400 


3-9729430, 9431 
3-972989:2 | | 9432 
3.9730354 9433 


9399.3+ 9730816 | 9474 


3-9731278, 9435 


9401 
9402 
(9493 
19404 
'9495 
9406 
9497 
(9402 
409 
941 

9411 
9412 
9413 


$-9735435 
3.9735895 


3-9731741 | 9436 
3-9733202 |9437 


$+97 32664 | 9438 


[9444 


9424 


9426 


Num] Log arit hos. | Num| Logarithm, 


3-9732491 | 94r6 
3.9722954 , 9417 
3-9723417 | 9418 
3.9723880 , 9419 
3:9724343 2420 
3.97 24805 
3.9725268 
3.9725731 
3.9726193 


3.9738665 
3.97391261|9 
3.9739587 
3.9740048 
3.97495c9 


3-9742353 
39742814 


3 :9744196, 


3:9745117 


3.9745577 
3-97 46038 
3-97 46498 
3-9746959 
3:97474"9 
39747879 
3-9748340 


», [Num Log arithm, | 


39749970, 
3-974143 I | 
3-9741892 


3, 29743274; 9461/3-9759370 
3-9743735| 9462/3-97 59829 


349744656 


J. 9742000! 9473] 
3-9733126. 943913: :9749260| 9474'3.9765334 
3-9733588 | | 94493-9749720| 9475 2.9765793 
3-97 34950, 9441/3-9750180| 9476, 3-9766251 
3,9734511 | 9442|3-9750640| 9477 3-976670g 
$-9734973 | 9443|3-9757100) 9478 3.9767167 
[3.9751 560| 9479 3-9767625 
9445|3-9752020|94803-9768c83 


3-9736358' 9446, 3+ 9752479 9481 3-9768541 
3.9736819 | 9447 3-9752939 | 9482 3-9768999 | 9 
3-9737281 94487 -9753399 |9 
9414(3.9737742 | 9449 349753858 |9484 3-9769915 
[9415 3-9738103 | 9450 79754318 9485 3.9770373 | 9 


9451 3-9754778 

945 13+9755237 
3-9755697 
7.9756156 
3+9756615 


3$.9757075 
9457|3+9757534 
9453 3-9757993 
9459 3.97 58452 
9450 3, 3-9758911 


»_ 


9453 
9454 
9455 


9456 


9463|3.9760288 
9404 3. 9760747 
9465 5\3+ 3-9761206 
9456|3:976 9761665 
9467|3-9762124 
9468, 3.97625823 
9469! ? +9762041 
9470}3-9763500|9 
9471/3 3-9763958 
94723 9764417 

3.976487 5 


Num! Logerirhn, 
948613.97708z31 

9487]3- *9771189 
9488 'z+ 197774 


9489|3-9774% 
9490 3.977266 


9491 [3-977312 | 
9492/3 977357 

9493\3-97740z5 
9494|3+977449 

949513+97 


9496 
9497|5+ 
9498/3 + 
9499! 5+ 
9500/5» 
9501 
95 0215 
9503/3-977 

9504'3- wel, 

9505197 9779521 


950639779971 
9507|3-9780g3 
9508 3-97808g 
950g 3-97A134 
95 1c IO 3+9781805 


95113» 3-9782261 
9512/3- 9782718 
9513 3+9783175 
951439783631 
951 5/3-9784088 


9483 3-9769457 | 9 


9516(3+ 9784544 
9517|3.9785001 
9518|3.9785457 

9519/3.9785913 


95 20|2-97 8636 


3.9737282 


ibm. | N 
"19521[3,97 86826 


lum, Log arithm, 
9556,3.9802761 
95 $7/3-9803216 
95 58/3-9803670 
95593-98041 25 
9560 /3-9804579 


9530 


© {953 


3-9789195 
3+97 89562 
9520|3.979001r7 
9$52913,9790473 
3-97 99929 
3-9791385 
3-9791840 
3.9792296 


*t 


9533, 


© {9534 39792751 


9535/3:9793297 
9530] 3.97 93663 
9537,3-9794118 
9535 3.9794573 

3-9795028 
9549 3:9795484 


9561 
9562 
9563 
9564 
9565 
9556 
9567 
9568 
9569 
9570 
9571 
9572 
9573 
9574 
9575 


| 


| 


3.9805033 
3-9805487 
3.9305942 
3.9806395 
2.9$06850 


(Num|Logarabe. 


Num 


Log arithns.| 


959 . 


9592 
9593 
9594 
9595 
9596 
9597 
9598 


9599\ 


9600 


3-9807304 
3.9807758 
3-9808212 
2.9908666. 
3.9809119 
3-9809573 
3.98 10027 
3.9810481 
3-9810934 
3-9811388 


9541 
9542 
9543 


© 19544 


3-9795939 
3-9796394 
3+9796849 
3-9797304 


9576|3.9811841 
9577,3-98 12295 
9578|3.98127485 
957913.9813202 


9545 3-9797759 


19546 3-9708214 
9547 3-979 8669 
9548 3.97991 24 
9549 3-9799579 
9550 3.9890034 
9551 3-9800488 
9552 3-9$00943 
9553 3-9801398 
9554 3-9801852 
9555 3-9802307 


9580,3.9813655 


9581 
9582 


| 


| 


3.9814108 
3.9814562 


9583 3.98150r5 
9584 3.9815458 
9585|3.9815921 


9586 
9587 


| 


(3+-9316374 


( 


> — 


3.9816827 


9588 3.9817280 
9589(3.9817733 


959013.9818186 | 9625'3.9334007 | 


960 1 
9502 
9603 
9504 
9605 
g606 
9607 
g608 
950g 
9610 
9611 
9612 
9613 
9614 


g615 


9616 
9617 
9618 
9619 
9520 
9621 
9622 
9623 
9624 


3.9818639 
3.9819092 
3-9819544 
3-9819997 
3.9820450 
$4.9820902 
3+7821355 
3.9821807 
3.932 2250 
3.982271 2 
3.9823165 
3-9823617 
3-9824069 
3.93 24522 
3.9824974 
3.9825426 
3.9825878 
3-9826330 


7:9827234 
3-9827686 
3.938281 38 
1.9828589 
3.9829041 
3.9829493 
3.93839945 
3-9830396 


3.9830848 
3-9$31299 
3-9821751 
2+-9832202 
3-98 32654 
3.9833105 
3.9833556 


3.98 26782 


| 9626 


| 9627 
9628 


9629 
9630 
9531 
9632 
9633 
9634 
9535 
9636 
9637 
9538 
9639 
96 40 
9641 
9642 
9643 
96 44 
9645 
9646 
9647 
9648 
9649 
9650 
9651 
9652 
9653 


96543.9847073 


9655 
g656 
9657 
9658 


9659 
9660 


3-9834459 
3-9834910/ 
329835261) 
3-9835812 
3-9836263 
3-9836714 
3+9837165| 
4+9837516 
3-93 38056| 
3-9838517 
3-9838963 
$-9839419| 
3-9839859] 
3-9840320 
3-9840770, 
3-9841221 
3-9841671, 
3-9842122/ 
39842572 
37-9843 022 
3-9343473 
Ja9 843923 
3-9844373) 
3-9844323 
3.984527} 
39545723 
3-98461 73 
3.9846623 


3:9347523 
3.9847973 
3.9848422 
3-9845872 
3-9849322 
3.984977") 


g9661 
9662 
9663 
9664 
9665; 
9666 
9667 


9668 
96 

9670 
9671 
9672 
9673 
9674 
9675 
9676 
9677 
19678 
9679 
9680 
9681 
9682 
968; 
9684 
9685 
9686 


Q\ 
\S_ 095 


_— Lygarithm. 


3-9850221 
3.9850670 
3-9851130 
3-9851569 
3-98 52019 
3-9852468 
3-9852917 
3.9853366 
3-9853816 
3. 9854265 


3.985 4714 
3-9855163 
3.9855612 |9 
3.9856061 
3-9856510 


3-9856959 


3.9857407 


3.9857856. 


3-9858305 
3.9858754 


3.9859202 
3.9859651 
2.9860099 
3.98605 48 
3.9860996 


3-9861455 


9687, 3. 9861893 
[968 3.9862790 
9690, 3-9863238 


9691, 3, 7-986 3686 
9692/3: 9864134 
9693 3.9864582 
9694 3:9865030 | 


Nu a [Logirices, 


CC Lon rt —cinn_——n——s EE. 


9695 3: 986547® | 9730 3-9 08811 


9696 -9863gns 


9697 
9698 
9699 
970013 


3-9866374 
3.9867270 


9701 
9702 
97093 
979413 

9795 
9706 
9707 

9708 


9109, 


3-9868 165 
3.9868617 
3-9869060 

.9869508|9 
3-9869955 
3.9870403 
3-9870850 


3-93$71298 
3-9871745 


9731 
9732/3. 
97333» 


0997575 


9734\3-9882913 ' $76g 


973513+98 


| Num| Togerim, 
9766 
976713: 


973613- 9883806 | 
9737|3-9884252 


(97397: 
9739 
9740 


39885144 
3-9885590 


974\(3's 9886035 
9742 3-98 86481 
9743 Eh 9886927 
9744 3+ 9887373 


ve! 3-9872192 


97113, 3.9872640 
9712 3,987 3087 
9713'3.9873534 
9714 3.9873981 
975 3-9874425 


9716 3. 3.987475 

9717 3.9875322 
9718 3.987 5769 
9719/3. 9876216 
9729/3. 9876663 


9721/3.9877 109 
9722/3.9877556 
9723|3.987 8003 | 
9724 3-9878449 
9725|3.9878896 
9726 
9727 
972+ 
9720 


[9745 
9746 


9748 
9749 


9750 


9751 
9752 
9753 


9754 


9755 
(9756 


9747 


3. 3.9887818|9 


Zo 3-0888264 
2-98887r0 
3.9889155 
3. 9889601 | 


3-9890492 
3.9890937 
3-98913$2 
3-9891838 
39892273 


CO 9892718 


| 9783|3+990472 


3.9890046 


[97 57,3-9893163 
' 9758 3.9893608 
9759 3-9894053 
9760 3.9894498 


3-9879343 9761 3:9894943 
3-9879789 | 9762 3.9995 788 
1.9880236 | 9763 3.9995833 
3-9880682 | 9764 3.9896278 | 
2819765 3. 9896722 | 9800 3. 9912261 


229 10488 


9772 3-989983 
977313 990027 
9774.3 
97753-9901 168 
9776 3-99016x2 
9777 3* 


9779|3+9902g944 
9782 3-993 38 


9781/3-9903$33 
9782/3 39904277 


9784 3.9905 164 


9797| 3-991 0931 
9798/3 «991137 
9799, 3-9911818 


— ww cx - <" a * "7 w—w 


3.9913147 
$.9913590 
31+9914033 
3.9914476 
3-9914919g 
3$+-9915362 


9805|3.9915805 


3.9916247 


[PPT EEPS | 
3-9917T33 


3.9917575$ 
3.9918018 
3.9918461 
3-9913993 
349919345 
3.9919788 
[3.9920230 
3-9920673 
Je9g92I01G 
3-9921557 
3-9921999 
149922441 
2.9922884 
3.9923 326 
3-9923768 
3-9924210 
3.9924651 
3-9925093 
3.9925535 
3-9925977 
3.9926419 


9833|3.9926860 
43-9927 302 
539927744 


[Num | Logarit hrs. Num!'Logarithns, 
3.9912704 | 9836 3.9928185 


9837 3-9928627 
9338 3.992905$ 


| 9839 3.9929510 


9840,3-9929951 


 984113:9930392 


9842|3.9930834 
9843(3.9931275 
9844/3-9931716 
93453-99321 57 
984613.9932598 
9847|3-9933039 
9848[3.9933480 
9849/3.9933921 
9850 

9851/3.9934803 
9552|3.9935244 
9853|3.9935685 
9854 3.99361 26 
985 513-9936566 


9856|3.9937007 
9857,3-9937448 
9858 3.9937$98 
9859 3.9938329 
9860 3.993 8769 


9861 3,9939210 
9862/3.9939650 
9863 3.9949090 
9864 3.99495 31 
9865|3.994097 1 


| 


9369(3.994273 I 
9870 


9871 


39934362 | 


989 2 


9866, 3-9941411 | 9901 
9867|3-994185T | 9902 
9868 3.9942291 | 9903 
| 9904 
39943172 | 9995 39955545 


I 
_— CO —— — 


Num| Logaruchm, | Num| Logarirbys, 
39943612 | 990613.995%g8; 
3.994495 | 990713-995 9422 


9873 


98731-9944 497 
9874/1:9744937 
97513-994537* 


| 9909 
1 9910 


9908 129959850 
39960298, 
$-9950737 


9876 3.994581 [ | 991112.9961175 


9877 
9878 
9379) 
9880 
9881 
9882 
9883 
9384 
g8 85/ 
9886 
9887 
9888 
9889 
9890 


9891 


9893 
9894 


989513-9954158 


9896 
9897 
9898 
9899 
9900 


9940! 3.9973 8644 


9912(3-995161 3| 


3. 9946690 9913 $-996205 1] 
3-99471 30 | 9914(3-9962489, 
3-9947569 | 9915\3-9962927 
3-9948009 | 9916|3-996336; 


9917|3-9963803 
9918 3-9964241) 
9919|3-9964679 
9920/3-9965117 
992113.9965554 
9922/3-996 5992 
9923 3-9966430| 
99241|3.9966868 
992513-9967305| 
992613-9967743 
9927|3+9968180| 
9928 3-9968618] 
9929/3-9969055 
993013.9909492 
9931|3-9969930 
9932|3-9970367 
9933|3-997 0804 
9934 3-997! 242 
9935/3:9971679 


— _ 


9936 3-9973116 
9937|3-9972553 
99383-9972990 


9939/3-9973427 


— 


Num| 
9941 
2942 
9947 
29 44 
9945 
9946 
9947 
9948 
9949 
9950 
9951 
9952 


Log aritbne. 
3$-9974301 
3.9974738 
3-9975174 
3-9975611 
3-997 6048 
3-9976485 
3-9976921 


3-9977358 


3-9977794 


3-9978231 


3.9978667 
3-9979104 


995313-9979540 
9954'3-9979976 
9955 


3-998041 3 


Num|Zogaricbes, 


9956 
9957 
995t 
9959 
996 


3-9980849 
3.9981 285 
3$-9981721 
3-9982157 
3-9983593 


9973 
9974 
9975 


9961 
9962, 
9963 


996 
997 


3.9983029 { 997 
3.99$3465 
ce 
3.9984337 
Looderre (99% 
3-9985 209 [9981 
3-9985645 | 9982 
3-9986c80 | 9983 
3-9986516| 9984 
3-9986952 | 9985 


9978 
997 


9977. 


3.9988258 
3-99838694 


3-9989564 
3.9990000 
3-9990435 
3-9990870 
3-9991305 
3-9991740 
3-9992176 
3-9992611 
3-9993046 | 
3-999248t 


3:9989129 


Num| Logarichw. | Num] Log arithm 
99713-99873 87 | 9986[3-9993916 
9972.,3-9987823 | 998 
9988 3-999478| 


9989 


3-99943 


9990 


9991 
9992 


9993 3- 


9994 


9995139 


9996 
9997 
9998 
9999 


3.999956 


10000 


ua | 


4-0000000 


(1) 
pethehubobotobotototototoprtete 


Adwertiſement concerning the Canon. 


| bw former Editions it was-printed but to 1060, here 

thou haſt ic continued to;z000p, ard may with very lic- 

tle pains be made to give the Logarichm of any num- 

ber under 100060, which is as latge as any Canon hitherto 
bliſh'r, which co perfotm , obſerve the dircion foi- 
wing, 


oA number that confifteth of five places bring given, to find the 
Logariches thereof. aa 


I find the Logarithm of the firſt tour figures, rejeRing 
the Charateriftick ; then obſerve the difterence between 
that and the next following, which multiply by the laſt 

e of the number given, and cut oft one figure from 
the Produd cowards the right hand ; the reſt add to the 
Logarithm of the firſt four figures. Laſtly, it you prefixe 
the proper Charadteriftick for the A ven, that Lo- 
garithm ſo ordered, is the number required, 


Example, 19438 being propounded, I demand the Loga- 
rithm of: By the dice@tion fore-going, I finde the 
Logarithm ob the firſt four figures, viz. 1943, to be (rejeft- 
ing the Charactcriſtick) 2884728, alſo 1 (ce the difference 
between that number and the number following , to be 
2235, Which I multiply by the la figure of the number 
+ 1 —_—y being $; and that ſum is 197880, Wherefore | 
add 1788 to 2884728, andprefix þetore it —— Chas 
racteriſtick for the number given, which muſt be 4— be- 
cauſe that is the CharaQteriſtick for all numbcrs from 
10000 to 16000%% ſo is produced at laſt 4,2886516, which is 
the Logarichmfor 19438, as was required. 


Again 
EI! mY 


(2) 


Lori it be required to: Fs ray Logatbe for 5$6524« 


Having found the icthm of che firſt four figure 
to be 7537362, and the difference between thar and the 
no 566,006 wal rave Siiaace by 4 the laſt 


the ſu 0 f 
they make : Nt, dehore hich pref the Chae: 


thm for $6724 {wile 4176 af 
A for p42, emi be ound 4974949, ce 


Uch as defire to learn Arithmetick, Geo- 
metry, Surveying, Dialling, Aſtronomy, 
Een, &c. may be taught by Eu- 
clid Speidell, dwelling in Bow-ſtreet in Co- 
vent-Gardenz nexr door to the Cock; or at 
his chamber in London, which his Table upon 
the Royal Exchange will expreſle. 
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